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In t roduc t ion  and Summary - The requirements necessary t o  conduct a Phase C/D 

program leading t o  an ope ra t iona l  Space S h u t t l e  System, and t h e  McDonnell Douglas 

Corporation Team approach t o  implement them are def ined i n  seven Program Acquisi t ion 

Plans.  By r e p o r t  numbers, they are: 

MDC E0308 - 111 - 
1 Program Management 

2 Engineering and Development 

3 Operations 

4 F a c i l i t y  U t i l i z a t i o n  and Manufacturing 

5 T e s t  

6 L o g i s t i c s  and Maintenance 

7 Cost and Schedule E s t i m a t e s  

The Program Management P lan  impacts a l l  of t h e  o t h e r  p l ans ,  by e s t a b l i s h i n g  

the  procedures and management a c t i v i t i e s  f o r  t h e  e n t i r e  program. Second i n  o rde r  

of impact is  t h e  Engineering and Development P lan ,  which de f ines  design and develop- 

ment e f f o r t  and l e a d s  i n t o  manufacturing, t e s t ,  and ope ra t ion  d i scuss ions ,  each 

i n  i t s  own volume. The f a c i l i t i e s  s e c t i o n  of t h e  F a c i l i t i e s  U t i l i z a t i o n  and 

Manufacturing Plan suppor t s  t h e  Manufacturing, Operations,  and Test Plans by 

i d e n t i f y i n g  and d e f i n i n g  t h e  f a c i l i t i e s  required.  Support requirements,  i n  terms 

of m a i n t a i n a b i l i t y ,  maintenance, l o g i s t i c s  engineer ing,  material support  and 

c o n t r o l ,  supply c o n t r o l ,  packaging, and handl ing and t r a n s p o r t a t i o n  are def ined i n  

t h e  L o g i s t i c s  and Maintenance Plan,  F i n a l l y ,  t h e  Program Cost and Schedule 

E s t i m a t e s  P l an  desc r ibes  cos t / s chedu le  a c t i v i t y  and c o s t  a n a l y s i s  methods f o r  t h e  

t o t a l  program. 
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A s  app l i cab le ,  t h e  p l ans  are f u r t h e r  categorized i n t o  Space S h u t t l e ,  Booster,  

The following b a s e l i n e  assumptions and ground r u l e s  were employed i n  and O r b i t e r .  

t h e  Phase B s tudy and are r e f l e c t e d  i n  t h e  plans:  

Configuration - To f a c i l i t a t e  t imely,  cos t - e f f ec t ive  implementation, a l l  plans 

w e r e  developed independent of conf igu ra t ion ,  wherever p r a c t i c a l .  Where i t  w a s  

necessary t o  consider  s p e c i f i c  conf igu ra t iona l  a spec t s ,  t h e  May 1971 MDC Space 

S h u t t l e  w a s  used. This conf igu ra t ion  i s  ou t l ined  below, along with the  o t h e r  

gu ide l ines  and assumptions used : 

o Del ta  O r b i t e r  

o Canard Booster 

o 550,000 l b  t h r u s t  main engines 

o 1100 nm across  range c a p a b i l i t y  

o Two-stage, f u l l y  r eusab le  vehicle/system 

o Maximum payload c a p a b i l i t y  of 65,000 l b  launched due east 

o Airbreathing engines burning J P  f u e l  

Phase C / D  Management and Organization 

o Two v e h i c l e  c o n t r a c t o r s  (Booster and Orb i t e r )  are each contracted and 

managed by one of two NASA c e n t e r s .  

(VSIA) type o rgan iza t ion  is r e spons ib l e  f o r  t he  i n t e g r a t i o n  of t h e  Space 

A Vehicle System I n t e g r a t i o n  Ac t iv i ty  

S h u t t l e  System, and de lega te s  i n t e g r a t i o n  t a sks  t o  one o r  t h e  o t h e r  NASA 

Center/Vehicle con t r ac to r  combination. 

o Innovat ive management techniques and new ways of doing business  t o  minimize 

program c o s t  are s t r e s s e d .  

Operations 

0 

o F i n a l  assembly and o p e r a t i o n a l  launches ( inc lud ing  v e r t i c a l  launch and 

The major h o r i z o n t a l  f l i g h t  t e s t i n g  w i l l  b e  conducted a t  EAFB. 

h o r i z o n t a l  shakedown f l i g h t  test) are conducted a t  KSC. 

I l l  
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o The ope ra t iona l  f l e e t  cons i s t s  of fou r  Orb i t e r s  and t h ree  Boosters 

o Operat ional  l i f e  is  10 years  

Schedule 

o 

I 

F i r s t  ho r i zon ta l  f l i g h t  - June 1976 

o 

o 

F i r s t  manned o r b i t a l  f l i g h t  - Apr i l  1978 

Operat ional  phase i n i t i a t e d  - J u l y  1979 

The remainder of t h i s  foreword provides synopt ic  overviews t o  t h i s  and t h e  

remaining six Program Acquisi t ion Plans.  The purpose of the  overviews is t o  

o f f e r  t he  reader  of t h i s  p lan  an i n s i g h t  i n t o  the  content of t h e  remaining plans.  

IV 
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PROGRAM MANAGJNENT PLAN 
(MDC E 0 3 0 8 - 1 1 1 - 1 )  

The Program Management P lan  de f ines  management requirements and procedures 

which w i l l  permit t h e  con t r ac to r s ,  under NASA guidance and d i r e c t i o n ,  t o  design, 

b u i l d ,  test ,  and develop a Space S h u t t l e  System. The p l an  i d e n t i f i e s  and descr ibes  

management ac t iv i t ies  e s s e n t i a l  t o  t h e  conduct of t h e  program. Key i s s u e s  facing 

management and t h e  i n t e r r e l a t i o n s h i p  of these  i s s u e s  wi th  c o s t  , schedules , and 

t e c h n i c a l  performance l ead  i n t o  t h e  Work Breakdown S t r u c t u r e  (WBS) , management 

o rgan iza t ion ,  commonality implementation, and management techniques. The WBS, 

and a d e t a i l e d  d e f i n i t i o n  of t h e  products and s e r v i c e s  r e l a t e d  t o  t h e  i n d i v i d u a l  

WBS elements,  i s  presented. 

Organization of t h e  c o n t r a c t o r ' s  corporate  s t r u c t u r e  and t h e  Space S h u t t l e  

Program team are discussed,  and o rgan iza t ion  c h a r t s  presented.  Management con tac t s  

and i n t e r r e l a t i o n s h i p s  among MDC, NASA, teammates, and subcontractors  are discussed. 

Such d i scuss ion  inc ludes  approaches f o r  conducting the necessary reviews and meetings, 

techniques f o r  communication processes ,  procedures f o r  i n t e r f a c e  c o n t r o l  docu- 

mentation f o r  hardware-to-hardware i n t e r f a c e s  and j o i n t  ope ra t ing  agreements f o r  

e s t a b l i s h i n g  and recording working r e l a t i o n s h i p s  between con t r ac to r s .  

The commonality implementation s e c t i o n  descr ibes  such concepts as t h e  use of 

s imilar  o r  interchangeable  p a r t s ,  as w e l l  as t h e  economies inhe ren t  i n  common design 

approaches, similar t e c h n i c a l  depth , shared test and a n a l y t i c a l  r e s u l t s .  

Management techniques,  including t h e  MDC Management Information System, which 

p l a n s ,  c o n t r o l s ,  and provides v i s i b i l i t y  i n t o  p r o j e c t  and f u n c t i o n a l  c o s t  and 

schedule  performance w i t h i n  the  WBS framework, are presented.  Configuration 

management procedures discussed inc lude  i d e n t i f i c a t i o n ,  c o n t r o l  , and statu:; 

accounting f o r  t h e  b a s e l i n e  conf igu ra t ion  and changes t h e r e t o .  
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The approach t o  d a t a  management, v e h i c l e  acceptance,  t r a c e a b i l i t y ,  m a k e  o r  buy, 

and subcontract  management are presented as p a r t  of t h e  management techniques 

sec t ion .  

The appendix o u t l i n e s  t h e  approach t o  t h r e e  alternate MDC-suggested c o n t r a c t i n g  

op t ions  and compares these  op t ions  with the basel ine.  

VI 
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This p l an  de f ines  t h e  requirements f o r  t he  t o t a l  engineering e f f o r t  involved 

i n  t h e  design of t h e  Space S h u t t l e  System and t h e  approach t o  implement t h e s e  

requirements. The p l a n  i s  divided i n t o  t h r e e  s e c t i o n s :  S h u t t l e  Systems, Booster,  

and O r b i t e r .  

S h u t t l e  System - The Space S h u t t l e  s e c t i o n  contains  only t h a t  engineering 

and i n t e g r a t i o n  e f f o r t  r equ i r ed  f o r  t h e  a n a l y s i s ,  development and test of t h e  mated 

configurat ion.  Pol icy a c t i v i t i e s ,  such as c r i t i c a l  program ca tegor i e s  and common- 

a l i t y  c o n t r o l  (which would be  implemented through a NASA/VSIA-type a c t i v i t y )  are 

a l s o  included. 

i n t e g r a t i o n ,  assembly and tes t  of t he  sepa ra t e  Boosters and Orb i t e r s  are included 

i n  t h e i r  r e spec t ive  s e c t i o n s .  

Those a c t i v i t i e s  t h a t  are involved with the management, engineering, 

Following a d i scuss ion  of t he  c r i t i c a l i t y  ca t egor i e s  approach and the approach 

t o ,  and c o n t r o l  o f ,  commonality, t h e  management approach f o r  t h e  Space S h u t t l e  i s  

discussed using t h e  VSIA-type organizat ion b a s e l i n e .  

D e t a i l  design and development a c t i v i t i e s  include desc r ib ing  the  phys ica l  and 

performance c h a r a c t e r i s t i c s  of t h e  S h u t t l e  , c r i t i c a l  design analyses (such as boost  

phase a n a l y s i s ,  off-nominal performance eva lua t ion ,  s e p a r a t i o n  a n a l y s i s ,  and a b o r t  

techniques) ,  and design opt imizat ion and e f f e c t i v e n e s s  analyses .  

System i n t e g r a t i o n  a c t i v i t i e s  i nc lude  discussions of requirements a n a l y s i s  and 

a l l o c a t i o n ,  t r a d e  s tudy i d e n t i f i c a t i o n  f o r  those t r a d e  s t u d i e s  t o  be r e f i n e d  i n  

Phase C ,  and development of c r i t e r i a  documents t o  group those  cri teria f o r  each 

system and subsystem i n t o  a working document. 

T e s t  requirements are discussed f o r  t h e  var ious ca t egor i e s  of ground and f l i g h t  

tests t o  which t h e  Space S h u t t l e  w l ' l l  be  subjected.  

s e p a r a t i o n  system, EMC tests, wind tunne l  and dynamic tests of t h e  mated 

These inc lude  tests of t h e  

VI I 
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ENGINEERING AND DEVELOPMENT PLAN 
(MDC E0308-111-2) 

conf igu ra t ion ,  and vertical f l i g h t  tests. 

F i n a l l y ,  ground support  equipment (GSE) cr i t ica l  areas and development Problems 

are discussed and a development schedule presented. 

Booster and O r b i t e r  Systems - The Booster and O r b i t e r  s e c t i o n s  de f ine  t h e  

engineering and development requirements, and t h e  approach t o  implementing these  

requirements,  i n  t h e  design and development o f t l e  Booster and O r b i t e r  and t h e i r  

a s soc ia t ed  support  equipment. 

Management procedures,  including organizat ion;  planning and con t ro l ;  schedules;  

key engineering a c t i v i t i e s  t h a t  a f f e c t  t h e  t imely completion of t h e  design and 

development; and l o g i c  networks are discussed. The s e c t i o n  on manpower desc r ibes  

t h e  procedure f o r  making engineering manpower f o r e c a s t s  by work breakdown s t r u c t u r e  

f o r  each engineering d i s c i p l i n e  and department. 

The approach t o  conf igu ra t ion  management, c o n s i s t i n g  of conf igu ra t ion  i d e n t i -  

A d i scuss ion  of d a t a  management f i c a t i o n ,  c o n t r o l  and accounting i s  d e t a i l e d .  

addresses planning f o r  i n t e r f a c e  c o n t r o l ,  document c o n t r o l ,  and program and design 

review. The r o l e  of t h e  I n t e r f a c e  Control Working Group (ICWG) and t h e  a p p l i c a t i o n  

of i n t e r f a c e  c o n t r o l  l o g i c  are ou t l ined .  

I n  t h e  contingency planning and a n a l y s i s  s e c t i o n ,  t he  approach t o  making 

allowances f o r  off-nominal t a s k  r e s u l t s  and resource expendi tures  i s  discussed.  

System engineer ing and i n t e g r a t i o n  is concerned with design s t u d i e s  and analyses 

f o r  system s i z i n g  and des ign  refinement,  and wi th  t r a d e  s t u d i e s  t o  r e f i n e  subsystem 

development and performance, r e so lve  key i s s u e s ,  and explore  growth p o t e n t i a l .  

Major i n t e r f a c e s  are de f ined ,  and t h e  i n t e r f a c e  c o n t r o l  p l a n  discussed.  

Sec t ions  2 . 3 . 2 . 4  (Booster) and 2 . 3 . 3 . 4  (Orb i t e r )  encompass a d e t a i l e d  discus- 

s i o n  of subsystems development, including airframe,  propuls ion,  avionics, ,  crew sta- 

t i o n ,  and power supply groups. 

Vlll 
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These s e c t i o n s  descr ibe  each subsystem, p o t e n t i a l  problems i n  i t s  development, t h e  

approach t o  des ign ,  development, and test, and a development schedule f o r  each 

subsys t e m  . 
The GSE development s e c t i o n  d iscusses  t h e  engineer ing and design approach and 

acceptance tes t  requirements.  Major test art icles,  s imula tors  and mockups required 

f o r  Orb i t e r  and Booster development, are descr ibed and t h e  purpose of each test 

def ined . 
Design and development support  requirements from s a f e t y ,  r e l i a b i l i t y ,  

m a i n t a i n a b i l i t y ,  human f a c t o r s ,  materials and processes ,  and design s e r v i c e s  are 

d iscussed ,  and support  a c t i v i t y  scheduled. 

I X  
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This p l a n  de f ines  t h e  requirements f o r  Space S h u t t l e ,  ground and f l i g h t  

ope ra t ion  and t h e  MDC approach t o  implementing those  requirements. 

The requirements s e c t i o n  of t h i s  p l a n  is subdivided i n t o  Space S h u t t l e  System, 

Booster,  and O r b i t e r ,  and contains  both ground and f l i g h t  requirements. The para- 

graph ( o r  paragraphs) of t h e  approach s e c t i o n  p e r t a i n i n g  t o  t h e s e  requirements is  

noted. Such n o t a t i o n  provides t r a c e a b i l i t y  between t h e  requirements and approach 

s e c t i o n s .  

The approach s e c t i o n  of t h e  p l an  is  divided i n t o  ground and f l i g h t  operat ions.  

Ground operat ions inc lude  t h e  a c t i v i t i e s  from landing r o l l o u t  through launch. 

f l i g h t  operat ions s e c t i o n  inc ludes  ac t iv i t ies  from l i f t o f f  through landing. 

The 

The ground ope ra t ions  s e c t i o n  discusses  t h e  a c t i v i t i e s  from acceptance t e s t i n g  

through t h e  launch phase. 

This cyc le  c o n s i s t s  of pos t l and ing  , maintenance, prelaunch, and launch a c t i v i t i e s .  

I n  a d d i t i o n ,  d e t a i l e d  t imel ines  of t h e s e  ac t iv i t ies  are included. Other a c t i v i t i e s  

p e r t i n e n t  t o  ground ope ra t ions ,  such as ope ra t iona l  f a c i l i t i e s  and a c t i v a t i o n ,  

rescue c a p a b i l i t y ,  ho ld / r ecyc le  c a p a b i l i t y ,  a l t e r n a t e  landing sites (and o the r s )  

are a l s o  addressed i n  t h i s  s e c t i o n .  Also included are t h e  a c t i v i t i e s  a s s o c i a t e d  

Turnaround cycle  ac t iv i t ies  are descr ibed i n  d e t a i l .  

wi th  t h e  development f l i g h t  test program, both h o r i z o n t a l  and v e r t i c a l .  

The f l i g h t  operat ions s e c t i o n  d i scusses  t h e  a n t i c i p a t e d  missions and inc ludes  

t ime l ines  and sequence-of-events c h a r t s .  The mission operat ions systems, as w e l l  as 

mission c o n t r o l  func t ions ,  are descr ibed,  as are such a c t i v i t i e s  as landing opera- 

t i o n s ,  a b o r t s ,  and crew t r a i n i n g .  Such o t h e r  o p e r a t i o n a l  i n t e r f a c e s  as t r ack ing  

and d a t a  r e l a y  sa te l l i t e ,  experiments, and t h e  s c i e n t i f i c  community are addressed 

i n  t h i s  plan.  

X 
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The F a c i l i t y  U t i l i z a t i o n  and Manufacturing Plan: 

(a )  provides  clear d e f i n i t i o n  of t he  Government owned and Contractor  f a c i l i -  

ties requi red  t o  support  t h e  Space Shutt.le Phase C / D  program; and 

(b) desc r ibes  the  manpower, material, and fac i l i t i es  needed t o  p lan ,  manu- 

f a c t u r e ,  and func t iona l ly  test f l i g h t  hardware and (GSE). 

The summary s e c t i o n  inc ludes  a d iscuss ion  of t h e  r a t i o n a l e  f o r  f a c i l i t y  s i te  

s e l e c t i o n  based on two fac to r s :  

(1) t he  chosen ope ra t iona l  s i te  f o r  t he  S h u t t l e  and 

( 2 )  t he  t r a n s p o r t a t i o n  problem posed by the  s i z e  of t h e  Booster and Orb i t e r  

veh ic l e s .  

Considered i n  t h e  plan are eva lua t ions  of candidate  launch sit’es, and s i tes  f o r  

f i n a l  assembly, propuls ion tank f a b r i c a t i o n  and subassembly, fuse lage  manufacturing 

and assembly, and ho r i zon ta l  f l i g h t  test .  

The remainder of t h e  f a c i l i t y  s e c t i o n  i s  devoted t o  d i scuss ing  and 

de f in ing  t h e  ope ra t ions  suppor t  c h a r a c t e r i s t i c s  of t h e  KSC f a c i l i t y ,  which 

based on t h e  s e l e c t i o n  r a t i o n a l e ,  w a s  chosen as t h e  ope ra t iona l  s i te .  

The appendix summarizes management and c o n t r o l  procedures,  inc luding  planning,  

scheduling, t oo l ing ,  and cont ro l .  The too l ing  philosophy and approach f o r  manu- 

f a c t u r e  of t h e  Space S h u t t l e  i s ,  b a s i c a l l y ,  t o  minimize cons t ruc t ion  of major f ix-  

t u r i n g ,  thus ,  minimizing c o s t s .  The assembly of t h e  Orb i t e r  main fuse l age ,  which 

u t i l i z e s  the  main propuls ion tank as a t o o l i n g  base on which t o  b u i l d  t h e  main fuse- 

l age ,  provides  a good example of t h e  MDC philosophy. The Booster manufacturing 

approach employs e x i s t i n g  major t o o l i n g  and f i x t u r e s  by adap ta t ion  a.id usage of 

Sa turn  t o o l i n g  and G.S.E.  The modular approach t o  t h e  manufacture of v e h i c l e  major 

as  s emb 1 i e s is emp has  i zed . 

XI 
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Major manufacturing problems, and t h e i r  proposed s o l u t i o n s ,  are presented and 

discussed. These problems are categorized,  as app l i cab le ,  by Booster and/or 

O r b i t e r ,  

The long l ead  requirements are l i s t e d  and i n  the discussion of t h e  r e spec t ive  

assemblies t he  d e s c r i p t i o n  of t he  manufacturing sequence tests, too l ing  and faci- 

l i t i e s  requirements, schedules and c o s t  estimates t h e r e f o r e  as w e l l  as t h e  r a t i o n a l e  

f o r  each of the s e l e c t i o n s  and decis ions made. 
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LOGISTICS AND MAINTENANCE PLAN 
(MDC E0308-111-6) 

This  p l an  p resen t s  t h e  MDC l o g i s t i c s  and maintenance approach, which w i l l  pro- 

v i d e  an  i n t e g r a t e d  support  program from t h e  des ign  phase through t h e  opera t iona l  

phase.  The p l an  consol ida tes  a l l  i n d i v i d u a l  l o g i s t i c s  support  elements i n t o  an 

i n t e r r e l a t e d ,  i n t e r f a c e d ,  and program-phased a c t i v i t y .  Included i n  the  p l an  i s  a 

mi les tone  cha r t  which provides  f o r  t imely and adequate i d e n t i f i c a t i o n ,  development, 

and schedul ing of t h e  l o g i s t i c s  support  requirements.  

A s  nea r ly  as poss ib l e ,  reusable  Space S h u t t l e  l o g i s t i c s  and maintenance 

func t ions  have been r e l a t e d  t o  p re sen t  a i r l i n e  p r a c t i c e s  which have been developed 

through ex tens ive  opera t ing  experience.  

The p l an  is organized ( i n  format) by func t iona l  a c t i v i t y .  Each func t ion ,  

i . e . ,  mainteaance, t echn ica l  pub l i ca t ions ,  e t c . ,  i s  presented as an i d e n t i f i a b l e  

e n t i t y  wi th in  t h e  Log i s t i c s  and Maintenance P lan .  

X l l l  
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PROGRAM COST AND SCHEDULE ESTIMATE PLAN 
(MDC E0308-111-7) 

This p l a n  provides c o s t  and schedule planning d a t a  which can b e  used f o r  

making dec i s ions  vis-a-vis t h e  development and ope ra t ion  of a two-s tage f u l l y  

r eusab le  Space S h u t t l e .  The required d a t a  c o n s i s t  both of t h e  c o s t s  f o r  each p a r t  

of t h e  system, and of t i m e  phasing of t h e s e  c o s t s  t o  e s t a b l i s h  funding requirements.  

This r e p o r t  covers t h e  development activities s t a r t i n g  with Phase C of Phased 

P r o j e c t  Planning (PPP) through completion of a ten-year ope ra t iona l  cycle.  The 

t r a f f i c  model assumed f o r  t h e  ope ra t iona l  cycle  w a s  s p e c i f i e d  by NASA f o r  t h i s  

p r o j e c t .  The c o s t s  t o  be used f o r  GFE items (main engines) were provided by NASA. 

These d a t a  are organized as required by DRD MF003M, which def ines  t h e  s p e c i f i c  

d a t a  t o  be  included. Four d a t a  forms are required which provide a complete break- 

down of c o s t ,  schedule,  and t echn ica l  c h a r a c t e r i s t i c s  d a t a ,  organized t o  the  work 

breakdown s t r u c t u r e  and reported a t  Level 5. 

The f i r s t  s e c t i o n  provides c o s t  information on Cost Estimate Data Form A. 

This d a t a  form inc ludes  c o s t  estimates, t h e  t i m e  phasing recommended t o  spread t h e  

cos t  estimates f o r  funding purposes,  and the  d a t a  necessary t o  de r ive  u n i t  c o s t s  

f o r  r ecu r r ing  i t e m s .  Separate  c o s t  estimates are presented f o r  nonrecurr ing 

(RDT&E) a c t i v i t i e s ,  r ecu r r ing  production a c t i v i t i e s ,  and r ecu r r ing  operat ions 

a c t i v i t i e s ;  non-recurring c o s t s  through f i r s t  Manred O r b i t a l  F l i g h t  (MOF) are 

a l s o  presented. 

The next s e c t i o n  p resen t s  Data Form B,  wi th  d e t a i l e d  c o s t  estimates didTided 

ac ross  s p e c i f i c  subdivis ions of work f o r  each WBS i t e m .  The subdivis ions of work 

encompass design,  tes t ,  t o o l i n g ,  product ion,  and materials and subcon t rac t s .  

The t e c h n i c a l  c h a r a c t e r i s t i c s  d a t a  presented i n  Data Form C are a concise  

summary of t h e  performance, s i z i n g ,  and complexity parameters used i n  e s t ima t ing  

the  c o s t  of each i t e m  of t h e  WBS. Some o t h e r  v e h i c l e  parameters have a l s o  been 

XIV 
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inclulled t o  provide a more comprehensive d e s c r i p t i o n  of t hose  S h u t t l e  t echn ica l ,  

phys i ca l ,  and mission c h a r a c t e r i s t i c s  which are important i n  understanding t h e  

c o s t s  , 

Data Form D p re sen t s  t h e  f i s c a l  funding requirements f o r  RDT&E, production, 

and ope ra t ions  ac t iv i t ies .  
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1. INTRODUCTION 

This s e c t i o n  p resen t s  t h e  p l ans  f o r  t h e  development and v e r i f i c a t i o n  t e s t i n g  

of major Contract End I t e m s  (CEI) and t h e i r  subsystems as def ined t o  level 5 of t h e  

Work Breakdown St ruc ture .  

d e t a i l e d  requirements f o r  test (Sect ion 4) of t h e  System and Subsystems s p e c i f i -  

The test approach descr ibed h e r e . i s  relative t o  t h e  

ca t ions  design requirements (Sect ion 3) .  

Component development and q u a l i f i c a t i o n  t e s t i n g  is recognized as an i n t e g r a l  

How- p a r t  of t h e  test program, and is addressed i n  subsystems tes t  desc r ip t ions .  

ever ,  s i n c e  t h e  work depth of t hese  p lans  are concerned wi th  subsystems development 

and i n t e g r a t i o n ,  combined subsystems t e s t i n g ,  and ho r i zon ta l  f l i g h t  t e s t i n g  of t h e  

completed v e h i c l e ( s ) ,  t h e  d e t a i l e d  component test a c t i v i t y  is not  descr ibed.  

Pre-delivery f l i g h t  acceptance t e s t i n g  concerns t h e  v e r i f i c a t i o n  of spec i f i ca -  

t i o n  compliance of t h e  completed veh ic l e  and provides p e r t i n e n t  d a t a  t o  support  

c e r t i f i c a t i o n  of compliance requi red  by t h e  NASA f o r  de l ive ry  of t h e  Contract End 

I t e m .  
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2. BOOSTER TEST PROGRAM SUMMARY 

F l i p h t  C h a r a c t e r i s t i c s  - The Booster mission w i l l  b e  v e r i f i e d  throughout t h e  

e n t i r e  performance envelope which includes:  Boost phase,  s epa ra t ion ,  re-entry,  

aerodynamic regime recovery,  c r u i s e  back, and landing. P e r t i n e n t  t o  t h e  t a s k  w i l l  

be t h e  u t i l i z a t i o n  of wind tunnels  t o  eva lua te  t h e  b a s e l i n e  conf igu ra t ion  from t h e  

aerodynamic, thermodynamic, a i r  loads ,  s t r u c t u r a l  dynamics, and c r u i s e  subsonic 

propulsion. Approximately 67,700 wind tunnel  occupancy hours w i l l  b e  programmed t o  

s u b s t a n t i a t e  t he  a l l i e d  technology design cons ide ra t ions ,  of which 28,200 hours are 

Booster-oriented, and 12,100 are f o r  t h e  mated configurat ion.  

F l i g h t  s imulat ion s t u d i e s  w i l l  include p r e - f l i g h t  through landing phases of 

t h e  primary mission and t h e  f e r r y  mission requirements,  and w i l l  provide valuable  

eva lua t ion  of the man-vehicle systems i n t e r f a c e  and r e s u l t i n g  crew s t a t i o n  config- 

u r a t i o n  and con t ro l s /d i sp l ay  arrangement. 

accomplished on the MDC f i x e d  base s imula to r  w i l l  provide e a r l y  eva lua t ion  of  hand- 

Man-in-the-loop f l i g h t  s imulat ions 

l i n g  q u a l i t i e s  and ope ra t iona l  procedures. Ful l -scale  phys i ca l  mockups w i l l  be 

used t o  eva lua te  t h e  h a b i t a b l e  v e h i c l e  areas. 

Booster f l i g h t  v e r i f i c a t i o n  t e s t i n g  w i l l  be accomplished by a two-part program: 

The h o r i z o n t a l  f l i g h t  tests w i l l  v e r i f y  v e h i c l e  c h a r a c t e r i s t i c s  and subsystem oper- 

a t i o n  i n  t h e  c r u i s e  back, landing and f e r r y  f l i g h t  mission phases;  func t iona l  eval- 

ua t ion  of subsystems u t i l i z e d  i n  t h e  a scen t ,  e n t r y ,  and s e p a r a t i o n  phases of t h e  

mission w i l l  be  evaluated during the  conduct of t h e  v e r t i c a l  take-off mated tests 

a t  KSC. 

Figure 2-1 p r e s e n t s  t h e  complete l i s t i n g  of major test articles t o  be  u t i l i z e d  

i n  t h e  conduct of Phase C/D t e s t i n g .  

B2-1 



MDC E0308 
30 June 7977 

Space Shuttle Program - Phas PART 111-5 
TEST 

Subsystem Test ing - Airframe t e s t i n g  w i l l  b e  accomplished by sub jec t ing  cr i t -  

i ca l  s e c t i o n s  t o  vigorous ground t e s t i n g  while  conducting only nondestruct ive 

loadings on t h e  completely assembled f l i g h t  a i r f rame.  

s e l e c t e d  assemblies a l lows o v e r a l l  program progress  even though s t r u c t u r a l  anomalies 

should occur. Fat igue t e s t i n g  per  se is  no t  an t i c ipa t ed .  Safe l i f e  demonstrations,  

however, w i l l  be performed a t  the  s e c t i o n  assembly l eve l .  S t r u c t u r a l  dynamics 

Sec t iona l ized  t e s t i n g  of 

cons idera t ions  w i l l  be in t eg ra t ed  wi th  t h e  main propuls ion system i n t e g r a t i o n  tests. 

To enhance understanding of s t r u c t u r a l  dynamics of t he  mated veh ic l e s ,  i t  is  pro- 

posed t o  u t i l i z e  dynamically sca l ed  model tests and t o  confirm these  f ind ings  by 

conducting low l e v e l  nondes t ruc t ive  dynamic response tests on the  assembled f l i g h t  

vehic le .  

o r  TPS r e l a t e d  subassemblies,  These eva lua t ions  w i l l  involve s t r e n g t h ,  r e s i s t a n c e  

t o  thermal and acous t i c  environments, aerodynamic e ros ion ,  and leakage. Approxi- 

Thermal P ro tec t ion  System tests w i l l  be conducted on r ep resen ta t ive  TPS 

mately 20 percent  of t h e  TPS subassemblies w i l l  be  subjec ted  t o  these  tests. 

A l l  propuls ion system components w i l l  be  subjec ted  t o  q u a l i f i c a t i o n  tests t o  

The in t eg ra t ed  propuls ion system w i l l  be  t e s t e d ,  show s p e c i f i c a t i o n  conformance. 

i n s t a l l e d  i n  the  second production veh ic l e ,  minus t h e  wings and empennage, canards 

and a i r b r e a t h i n g  engines ,  and h o r i z o n t a l  cockpi t  d i sp lays .  Other non-main propul- 

s i o n  system items may a l s o  be omitted because of schedule o r  cos t  cons idera t ions .  

The test art icle w i l l  t e  used t o  develop and v e r i f y  c h a r a c t e r i s t i c s  of t he  main and 

ACPS tank loading techniques,  feed systems, t h e  performance of t h e  APU subsystem, 

main tank p res su r i za t ion ,  p re s su r i za t ion  and vent ing,  t h e  v e h i c l e  pneumatics, 

hydrau l i c s ,  and t h e  i n t e g r a t i o n  of t h e  av ionics  monitoring and c o n t r o l  of t hese  

subsys t e m s  . 
The a i r b r e a t h i n g  engines t e s t i n g  w i l l  be conducted o r i en ted  toward assur ing  

t h e  c a p a b i l i t i e s  of t he  f u e l  system and o t h e r  concerns a s su r ing  t h e  i n t e g r a t i o n  of 

t h e  engines  i n t o  the  canard and its a i r  inges t ion  and j e t  f l a p  elements. Fueling, 
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defue l ing ,  t r a n s f e r  and feed tests w i l l  be  accomplished on a test r i g  capable  of 

being o r i en ted  i n  t h e  h o r i z o n t a l  o r  vertical pos i t i ons .  

The a u x i l i a r y  power u n i t  tests w i l l  demonstrate c o n t r o l  c a p a b i l i t y  under 

varying hydrau l i c  and electrical demands. I n  a d d i t i o n ,  independent combustor 

ope ra t ion  w i l l  b e  demonstrated. 

ope ra t ing  combustor w i l l  be  i d e n t i f i e d .  Single-component f a i l u r e  e f f e c t s  w i l l  b e  

demonstrated, 

The e f f e c t s  of t h e  0peratin.g combustor on t h e  non- 

The v e h i c l e  av ion ic s  group is  composed of t hese  subsystems: Guidance and navi- 

ga t ion ,  f l i g h t  c o n t r o l s  e l e c t r o n i c s ,  d a t a  management, communications and navaids,  

c o n t r o l s  and d i s p l a y s ,  and software.  These subsystems w i l l  be  subjected t o  l i n e  

r ep laceab le  u n i t  development and q u a l i f i c a t i o n ,  subsystem development and in t eg ra -  

t i o n ,  and f i n a l l y  t h e  complete av ion ic s  as a n  i n t e g r a l  s e t u p ,  t h e  ASTU. 

The Environmental Control and L i f e  Support system (ECLS) and t h e  crew systems 

comprise the  c r e w  s t a t i o n  group. C r e w  systems tests w i l l  be d i r e c t e d  toward eval- 

u a t i o n  s t u d i e s  of crew-to-vehicle subsystem i n t e r f a c e  which inc ludes  human f a c t o r s  

a s p e c t s  of t he  c r e w  s t a t i o n  i t s e l f ,  t he  crew escape system and procedure, and con- 

t r o l s  and d i sp lays .  The ECLS test  s e t u p  w i l l  be u t i l i z e d  i n  t h e  man-to-machine 

r e l a t i o n s h i p  eva lua t ion  d i r e c t e d  toward bod i ly  comfort and l i f e  support .  The 

environmental l e v e l s  t o  be  imposed on the  ECLS during t e s t i n g  w i l l  be  s p e c i f i e d  i n  

an environmental design and test criteria document wherein environments w i l l  b e  

e s t a b l i s h e d  f o r  va r ious  zones of  t h e  veh ic l e .  Dedicated se tups  w i l l  be  designed 

f o r  each subsystem of t h e  ECLS, e.g. ,  cabin a i r ,  cab in  cool ing,  equipment cool ing,  

and f i r e  ext inguishing.  P e r t i n e n t  subsystems i n t e r f a c i n g  with ECLS w i l l  be  s i m -  

u l a t e d  i f  a c t u a l  i n t e r f a c e  proves by f u r t h e r  s tudy t o  b e  n o t  c o s t  e f f e c t i v e .  

vironmental  mission duty cyc le s  w i l l  b e  imposed on t h e  system f o r  nominal and o f f -  

nominal condi t ions.  

En- 
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The MDAC-ED fixed-base f l i g h t  s imula t ion  se tup  w i l l  be updated f o r  C/D phase 

Simulation s t u d i e s  t o  receive concerted dwell  w i l l  cover p r e - f l i g h t  t e s t i n g .  

through landing i n  the primary mission, and f e r r y  operat ions condi t ions f o r  t h e  sec- 

ondary missions. Information gained during these  tests w i l l  v a l i d a t e  crew s t a t i o n  

f l i g h t  instrumentat ion and c o n t r o l  arrangements, and veh ic l e  handling q u a l i t i e s  and 

procedures.  Tests w i l l  i nc lude  normal and emergency modes. The One-"g" mockup w i l l  

b e  used t o  enhance t h e  fixed-base s imulat ions s t u d i e s ,  however, t h e  s t a t i c  na tu re  of 

t h e  se tup  w i l l  permit  d e t a i l e d  eva lua t ion  of c o n t r o l  p o s i t i o n s ,  l o c a t i o n  of i n s t r u -  

ments, cockp i t  v i e w  r e s t r i c t i o n s ,  and en t r ance  and eg res s  problems. Crew escape 

s a f e t y  c r i te r ia  r e q u i r e s  t h a t  an off-the-shelf  system be  adapted f o r  f l i g h t  test. 

This system i n s t a l l a t i o n  w i l l  b e  q u a l i f i e d  by s l e d  test even though t h e  s e l e c t e d  

crew escape system should b e  a f u l l y  q u a l i f i e d  system i n  o the r  i n s t a l l a t i o n s .  

The power supply group i s  composed of t h e  e lectr ical  power subsystem, t h e  hy- 

d r a u l i c  power subsystem, and t h e  power generat ing source,  t h e  APU's (descr ibed i n  

propuls ion subsystem t e s t i n g  above). Along with t h e  e f f o r t  involved i n  component 

q u a l i f i c a t i o n  t h e  subsystem tests w i l l  be  designed t o  eva lua te  power d i s t r i b u t i o n ,  

dropouts ,  r i p p l e  h igh -po ten t i a l  resistance, and con t inu i ty .  Hydraulic power test-  

i n g  involves  t h e  use of t h e  hydrau l i c  system " I ron  Bird", an exact func t iona l  and 

s p a t i a l  s e tup  of t h e  complete hydrau l i c  system d r i v i n g  a l l  components, which i n  

t u r n  ope ra t e  t h e  a e r o  c o n t r o l  s u r f a c e s ,  landing gear ,  and o t h e r  mechanisms which 

w i l l  be loaded by s imulat ion using sp r ings ,  b u f f e r s ,  dash p o t s ,  and o t h e r  devices 

t o  reproduce a c t u a l  nominal and off-nominal loading condi t ions.  I n  c e r t a i n  i n s t a l -  

l a t i o n s  c o n t r o l  s u r f a c e s  and o t h e r  moving p a r t s  may be dummied t o  provide t h e  cost-  

e f f e c t i v e  aspect.  
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Combined Systems Tes t ing  - Combined systems t e s t i n g  f o r  S h u t t l e  w i l l  be  con- 

ducted a t  t h e  most economical level of assembly of subsystems considered from a 

s i z e  and/or f a c i l i t y  c o n s t r a i n t .  

Propulsion T e s t  Unit ,  t h e  Avionics Systems T e s t  Unit, t he  Hydraulics and Controls 

T e s t  Unit ( I ron  Bird) ,  t h e  Environmental Control and L i f e  Support T e s t  Unit (although 

t h i s  assembly is  not  considered as a major s e t u p ) ,  and the  F l i g h t  Simulators ( f ixed 

base,  crew s t a t i o n ,  and ingress-egress  mock-ups). These test u n i t s  were descr ibed 

i n  preceeding d i scuss ions ,  

These tests w i l l  be conducted u t i l i z i n g  t h e  Main 

Combination of t h e  major subsystems w i l l  dwell on the eva lua t ion  of i n t e r a c t i o n  

c h a r a c t e r i s t i c s .  Where poss ib l e ,  from s i z e  and l o c a t i o n  cons idera t ions  these  i n t e r -  

faces  w i l l  be  manifested by metal-to-metal and wire-to-wire connections.  

t h i s  cannot b e  accomplished, s imula tors ,  and/or s imulated sys temat ic  s t imu la t ions  

w i l l  be employed which w i l l  cause o r  d u p l i c a t e  the  intended i n t e r f a c e  i n t e r a c t i o n .  

The use of ground support  equipment as appropr ia te ,  i n  support  of combined systems 

t e s t i n g  w i l l  provide t h e  e x t e r i o r  i n t e r f a c e  l i n k .  

Where 

Vehicle Tes t ing  - Fina l  i n t eg ra t ed  veh ic l e  t e s t i n g  w i l l  be conducted on t h e  

f l i g h t  vehic le .  These tests inc lude  s t r u c t u r a l  loading tests t o  c a l i b r a t e  i n s t ru -  

mentation. 

through f a i l - s a f e  i n t e r l o c k s  t o  preclude s t r u c t u r a l  damage. Dynamic response of 

the  s t r u c t u r e  w i l l  be  i n  a h o r i z o n t a l  a t t i t u d e  with t h e  a i r f rame supported by low- 

spr ing- ra te  devices .  

mode shapes and frequency response da ta .  

These loads  w i l l  be appl ied  through f i x t u r e s  designed t o  apply loadings 

Electromechanical e x c i t e r s  w i l l  provide the  d r i v e  fo rce  f o r  

I n s t a l l e d  subsystems w i l l  be func t iona l ly  t e s t e d  ind iv idua l ly  and i n  combin- 

a t i o n s  r e p r e s e n t a t i v e  of t r u e  ope ra t ive  condi t ions  i n  order  t o  s u b s t a n t i a t e  test  

information obtained from earlier component, subsystem, and in t eg ra t ed  tests co l -  

l e c t e d  from a c t i v i t i e s  on t h e  major dedicated test se tups .  

tests is  t o  ob ta in  f i n a l  v e r i f i c a t i o n  of i n s t a l l e d  performance under ind iv idua l  

The purpose of t hese  
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tests and i n  the  i n t e r f a c e d  conf igura t ion .  System tuning and instrumentat ion 

c a l i b r a t i o n s  w i l l  provide a f i rm d a t a  base  f o r  ho r i zon ta l  f l i g h t  t e s t i n g .  

Horizontal  a i r p l a n e  f l i g h t  mode tests w i l l  provide performance d a t a  f o r  t he  

cruise-back, landing ,  and f e r r y  mission phases, Development and v e r i f i c a t i o n  

t e s t i n g  w i l l  be  i n t e g r a t e d  i n  t h e  o v e r a l l  f l i g h t  test  approach. The f l i g h t  ve r i -  

f i c a t i o n  of s p e c i f i c a t i o n  test requirements w i l l  be documented as i t  is a t t a i n e d .  

The h o r i z o n t a l  boos te r  f l i g h t  test program w i l l  comprise 438 f l i g h t  hours u t i l -  

i z i n g  t h r e e  boos te rs  over a t o t a l  per iod of 32 vehic le  month a c t i v i t y .  Test ing 

w i l l  be  conducted a t  Kennedy Space Center (KSC), F lor ida ,  and Edwards A i r  Force 

Base (EAFB), Ca l i fo rn ia .  

V e r t i c a l  f l i g h t  t e s t i n g  w i l l  be conducted (mated with the  o r b i t e r )  on boos te r s  

No. 2 and 3. 

Paragraph 7.5. 

The v e r t i c a l  f l i g h t  test  program is discussed i n  depth i n  Sect ion A ,  
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SUMMARY OF MAJOR GROUND TEST ARTICLES - BOOSTER 
~~ ~~ 

TEST ARTICLES 

(a) WIND TUNNEL MODELS 
(Reference paragraph 4.1 
and Section A, paragraph 
6.1) 

@) MAN-IN-THE-LOOP FLIGHT 
SIMULATOR 
(Reference paragraphs 4.2 
and 5.4.2) 

(c) DYNAMICALLY SCALED MODEL OF 
BOOSTER STRUCTURAL 
ARRANGEMENT 
(Reference Section A, 
paragraph 6 .2 )  

(d) MASS-INERTIA PLANAR MODEL 
OF VEHICLES SEPARATION 
SYSTEM WITH FORE AND AFT 
VEHICLE INTERCONNECTS 
(Reference Section A, 
paragraph 6 . 3 )  

(e) ONE ASSEMBLY CONSISTING OF 
LEFT (OR RIGHT) SIDE WING 
AND FIN, AFT THRUST STRUC- 
TURE AND WING CARRY- 
THROUGH 
(Reference paragraph 5.1.7) 

(f) ONE MAIN LH2 TANK ASSEMBLY 
(Not Insulated ) 
(Reference paragraph 5.1.7) 

(g) ONE INTER-TANK SECTION WITH 
LEFT (OR RIGHT) SIDE CANARD 
ASSEMBLY 
(Reference paragraph 5.1.7) 

$ 

(h) ONE MAIN LO2 TANK ASSEMBLY 
(Reference paragraph 5.1.7) 

PART 111-5 
TEST 

USES i 

Provide engineering data for use by aerodynamic, 
thermodynamic, loads, structural dynamic and pro- 
pulsion technologies in developing, analyzing, and 
confirming the configuration and pertinent design 
aspects of the booster to perform its Space Shuttle 
mission from launch through landing and ferrying . 
Manned evaluations of interfaces with the vehicle 
and its systems and of handling qualities and pro- 
cedures; covering pre-flight through landing 
phases of the primary missions and ferry operations. 

Provide structural dynamics transfer function data 
on mode shapes and frequencies and vehicle modal 
coupling for dynamic analysis of the launch con- 
figuration (tested with dynamically scaled model 
of the orbiter structural arrangement). 

Demonstrate functional, structural and dynamic 
adequacy of vehicles interconnect-separation sys- 
tem. 
interconnects. 

Demonstrate life cycle capability of vehicle 

Establish low level dynamic response characteris- 
tics and influence coefficients. Demonstrate 
structural adequacy for critical design conditions 
of reusability and ultimate strength. 

Establish low level dynamic response characteris- 
tics. 
design conditions of reusability and ultimate 
strength . 

Demonstrate structural adequacy for critical 

Establish influence coefficients and low level 
dynamic response characteristics. Demonstrate 
structural adequacy for critical design conditions 
of reusability and ultimate strength. 

Establish low level dynamic response characteris- 
tics including dynamic interaction of tank struc- 
ture and liquid. Demonstrate structural adequacy 
for critical design conditions of ultimate strength. 

B2-7 
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TEST ARTICLES 

(i) ONE FORWARD FUSELAGE 
SECTION 
(Reference paragraph 5.1.7) 

(j) ONE LEFT (OR RIGHT) RUDDER 
ASSEMBLY 
(Reference paragraph 5.1.7) 

(k) ONE LEFT (OR RIGHT) ELEVON 
ASSEMBLY SET 
(Reference paragraph 5.1.7) 

(1) ONE EACH NOSE AND MAIN 
LANDING GEAR ASSEMBLY 
(Reference paragraph 5.1.7) 

(m) TPS PANELS AND LEADING EDGE 
SEGMENTS 
(approximately equal to 20% 
of total TPS weight) 
(Reference paragraphs 5.1.6 
and 5.1.7) 

(n) FUSELAGE SECTION OF FLIGHT 
VEHICLE WITH MAIN PROPUL- 
SION SYSTEM INSTALLATION 
AND 12 PROTOTYPE MAIN 
ENGINES 
(Reference paragraphs 5.2.1 
and 6 . 4 )  
Note: Interim use as test 

article that is re- 
turned to manufactur- 
ing for refurbishment 
and completion of 
assembly to become a 
flight vehicle. 

- 

(0) ATTITUDE CONTROL PROPULSION 
SYSTEM (ACPS) TEST UNIT 
(Reference paragraph 5.2.2) 

USES 

Establish low level dynamic response characteris- 
tics and evaluate acoustic transmission character- 
istics. Demonstrate structural adequacy for 
critical design conditions of ultimate strength. 

Establish low level dynamic response characteris- 
tics and demonstrate compatibility with wing fin. 
Demonstrate structural adequacy for critical 
design conditions of acoustics environment and 
ultimate strength. 

Establish low level dynamic response characteris- 
tics and demonstrate compatibility with wing. 
Demonstrate structural adequacy for critical design 
conditions of acoustics environment and ultimate 
strength . 
Establish low level dynamic response characteris- 
tics and develop metering pin characteristics. 
Demonstrate structural adequacy for critical design 
conditions of ultimate strength. 

Establish joint compatibilities and/or leakages. 
Establish low level dynamic response and heat 
transfer characteristics. Demonstrate structural 
adequacy for critical design conditions of reusa- 
bility (including acoustics) and ultimate strength. 

Verification of the design and performance of the 
main propulsion subsystem and interfaces with other 
subsystems such as structure, electrical power, 
hydraulics - thrust vector control, and GSE. 

Develop and demonstrate capability of the propel- 
lant storage and supply to be filled, drained and 
purged, and to supply liquids to propellant condi- 
tioning equipment. Demonstrate capability of the 
propellant conditioning, gaseous storage and distri- 
bution subsystem to receive liquids from the supply 

F I G U R E  2-1 (Cont.) 
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TEST ARTICLES 

(p) AUXILIARY POWER UNIT (APU) 
TEST UNIT 
(Reference paragraph 5.2.4) 

(4) AIRBREATHING ENGINES SYSTEM 
(ABES) FUEL SUBSYSTEM TEST 
UNIT 
(Reference paragraph 5.2.3) 

(r) SINGLE AIRBREATHING 
ENGINE/CANARD SEGMENT 
TEST UNIT 
(Reference paragraph 5.2.3) 

( s )  AVIONICS SYSTEM TEST UNIT 
(ASTU) INCLUDING ELECTRICAL 
DISTRIBUTION SUBSYSTEM 
(Reference paragraphs 
5.3.1.3, 5.5.1, 6.1, and 
6.2) 

(t SOFTWARE VALIDATION COMPLEX 
(ASTU COMBINED WITH COMPU- 
TATIONAL EQUIPMENT) 
(Reference paragraph 6.2) 

(u) CABIN AIR, CABIN COOLING, 
AND EQUIPMENT COOLING SUB- 
SYSTEM TEST UNITS 
(Reference paragraph 5.4.1) 

(V) CREW ESCAPE SYSTEM SLED 
TEST UNIT 
(Reference paragraph 5.4.2) 

USES 

subsystem, pump them to high pressure, convert them 
to gas, store them in accumulators, and supply the 
engines, propellant conditioning equipment and 
Dther using sources on demand and within design 
tolerances. 

rest in conjunction with ACPS Test Unit to demon- 
strate compatibility with the ACPS supplied pro- 
pellants. Demonstrate compatibility with 
interfacing hydraulic, electrical power and avi- 
mics components. Demonstrate design capability 
to supply electrical and hydraulic power at all 
times. 

Demonstrate design capability to fuel the subsystem 
in the vertical and horizontal vehicle positions, 
to transfer fuel between tanks for proper center 
of gravity control, to supply fuel to the engines 
at required pressures and flow rates, and to pres- 
surize the fuel tanks for maintaining internal 
pressure above external ambient pressure. 

Evaluate characteristics of different air start 
modes and effectiveness of the fire suppression 
system at altitude conditions. 

Integration of avionic subsystems and electrical 
power distribution including redundancy manage- 
ment; verification of design performance goals; 
development of avionic interfaces with other sub- 
systems; development of operating, checkout, and 
servicing procedures. 

Validation of horizontal flight, total mission and 
checkout software programs through closed loop 
hardware-software testing. 

Integration of environmental control and life sup- 
port subsystems including verification of perfor- 
mance, demonstration of failure tolerance, and 
development of operating, checkout, and servicing 
procedures. 

Assure adequate design integration and operation 
of the crew escape system for horizontal flight 
test operations over the flight test envelope of 
dynamic pressures. (same test article used for 
orbiter with commonality of crew escape system) 

62-9 FIGURE 2-1 (Coni.) 
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TEST ARTICLES 

(w) FLIGHT DECK CONTROLS AND 
DISPLAYS, LIGHTING, AND 
CREW ACCOMMODATIONS/INGRESS 
AND EGRESS MOCK-UPS 
(Reference paragraph 5.4.2) 

(x) ELECTRICAL POWER 
DISTRIBUTION TEST 
UNIT 
(Reference paragraph 5.5.1) 

(y) HYDRAULICS AND CONTROLS 
TEST UNIT (HCTU) 
(Reference paragraphs 5.5.2 
and 6.3) 

( z )  INTERIM USE OF FLIGHT 
VEHICLE (S) 
(Reference Paragraph 7.2 
and Section A, paragraphs 
7.2 and 7.3) 

USES 

Aid in design and human factors evaluation. 
in crew systems integration including development 
and verification of procedures, crew training, and 
functionallty and habitability. 

Assist 

Subsystem development and integration testing 
and testing of interfaces with other subsystems. 

Hydraulic subsystems development and integration. 
Integration of total hydraulic system including 
verification of design performance goals and 
demonstration of failure tolerance. Development 
and verification of interfaces with non-hydraulic 
systems, particularly flight control electronics. 
Development of operating, checkout, and servicing 
procedures. 

Calibrate flight test airframe instrumentation. 
Establish low level dynamic response characteris- 
tics. Verify integration of the installed subsys- 
tems (electrical, hydraulic, avionic/software, 
ECLS, ABES). Electromagnetic compatibility check- 
out. Flight readiness firing of main propulsion 
s ys t em. 

FIGURE 2-1 (Cont.) 
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U I S I T I ~ N  PLANS 

3. BOOSTER TEST GUIDELINES 

The test program has been planned to support the booster first horizontal take- 

off flight schedule of June 1976. 

funding during RDT & E, the test phases will be integrated to satisfy the maximum 

number of objectives during each test performed. 

will be made and changes in test set-ups will be minimized. 

With an additional requirement for controlled 

Maximum use of each test article 

The integrated test 

plan flow is shown in Section A, Figure 2-1. 

applicable to the booster test program are essentially the same as presented in 

Paragraph 3.0 of Section A. The Equipment Qualification Plan (4 .0 ) ,  Equipment 

Acceptance Plan (5.0), Reliability and Quality Assurance Participation and Safety 

Considerations (8.0), and Test Program Management (9.0) of Section A are directly 

applicable to the Booster. 

The test philosophy and criteria 

3.1 Purpose and Intent Guidelines - Booster testing will be performed only to - 

the extent necessary and practical for obtaining engineering information needed to 

finalize the design of the booster and its supporting equipment, to supplement non- 

testing assessment methods in assuring compliance of the booster and its supporting 

equipment to specification requirements and to provide the level of confidence nec- 

essary to employ the booster in flight operations. The objective is to develop .an 

operational vehicle system at substancially lower test cost in proportion to the 

total program cost than has been obtained in previous space programs. 

scheduling has considered the requirement to minimize the rate of expenditures to 

smooth out the cost outlays. Booster testing will be an integral part of the en- 

gineering and development program. 

be accomplished in consonance with program milestones, design and assessment activi- 

ties, manufacturing activities, and facilities availability and utilization plans. 

The test 

The details and the timing of the efforts will 
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3.2 Guideline Objectives - The prime technical objectives of the booster's 
test program will be to assist the total engineering and development effort in: 

o Establishing reasonable confidence in the ability of the vehicle to perform 

the Space Shuttle mission. 

Obtaining sufficient engineering data defining the operational capabilities 

of the vehicle to provide confidence in the design of the total vehicle and 

its supporting equipment. 

o 

The programmatic objectives shall be to: 

o Make maximum practical use of flight-type hardware to obtain ground test 

data without impairing its subsequent use for flight operations. 

o Utilize existing facilities with minimum modifications, or facilities that 

are justified for acquisition because they are needed in the operational 

phase. 

Employ test operations wherever practical to assist other program functions o 

(e.g., training, maintenance, operational procedures and test methods). 

Attain maximum commonality of test activities applicability to both Space 

Shuttle vehicles. 

o 

3 . 3  Approach Guidelines - To further the program goals, the following general 
approach guidelines will be followed: 

o Wind tunnel and simulation testing will be conducted as necessary to estab- 

lish reasonable confidence in the capability of the configuration to satisfy 

program requirements. 

Airframe testing will be conducted in build-up-fashion at levels of assem- o 

bly that will provide assurance of integrity with the minimum quantity of 

test articles. 
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o Operating subsystems and their components, software, and supporting equip- 

ment will be tested so that the levels of assembly used and the extent of 

emphasis placed on test vs assessment best comply with their criticality 

for safe and successful operation and their programmed initial flight usage 

time in the Space Shuttle System. 

o Engineering information resulting from Phase B studies, Supporting Research 

and Technology (SRSrT) program, and the Supplemental Major Structural Test 

program will be used to the maximum extent. 

Analytical techniques will be employed in the utilization of ground test 

data to provide reasonable continuity in the engineering and development 

program. 

The flight test program will be used to obtain data and experience that is 

impractical to obtain through ground testing because of inordinate expendi- 

tures for specialized or large scale test facilities. Additional approach 

guidelines are outlined in Figure 3-1. 

o 

o 

B3-3 



MDC €0308 
30 June 7971 

Space Shuttle Program - Phase B Final Report 
A C ~ U ~ S I T ~ ~ ~  PLANS 

BOOSTER TESTING APPROACH GUIDELINES 

GUIDELINES 

Wherever practical, all testing shall 
be planned so as to satisfy the maxi- 
mum number of objectives, and to allow 
use of the test data to satisfy full 
or partial verification of specifica- 
tion requirements. 

Test requirements will be established 
from and correlated to design and op- 
erational performance requirements. 
The requirements will be defined in 
specifications and in design and test 
criteria documents. 

Verification testing shall be per- 
formed with test article interface 
conditions equivalent to vehicle in- 
stallation conditions or analyically 
predicted vehicle values, unless im- 
practical or differences can be ade- 
quately accounted for by analysis. 

Component testing, subsystems testing, 
combined systems testing, and ground 
test of flight test vehicles shall be 
employed in build-up fashion to demon- 
strate and evaluate redundancy modes 
of operation. Special and dedicated 
reliability testing shall be performed 
by exception only. 

GSE required to support ground and 
flight test will be operational items 
to the maximum extent possible. GSE 
which cannot be design accelerated to 
meet the test schedule will be identi- 
fied and suitable prototype or special 
equipment will be used. 

PART 1//-5 
TEST 

RATIONALE 

Potential cost and time savings by 
eliminating testing redundancy. 

This is required to provide require- 
ments information for individual de- 
tailed test plans. 

Required for valid correlation and 
evaluation of test results. 

This is in consonance with the desired 
systems design philosophy of the Space 
Shuttle and provides sufficient oppor- 
tunities to determine design compli- 
ance without incurring the cost of 
extensive reliability testing. 

Maximum program cost benefits, as well 
as usage experience benefits, can be 
derived from using hardware needed in 
the operational phase to fulfill RDT&E 
requirements. The creation of specific 
GSE for the short-term usage in the 
RDT&E phase is not cost effective. 

FIGURE 3-1 
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BOOSTER TESTING APPROACH GUIDELINES 

GUIDELINES RATIONALE 

Hardware t h a t  is  cr i t ical  t o  accom- 
plishment of f l i g h t  test ob jec t ives ,  
o r  t h e  s a f e t y  cons ide ra t ions ,  w i l l  be  
q u a l i f i e d  to  s e l e c t e d  environments, 
e i t h e r  by test o r  assessment,  p r i o r  t o  
usage. Hardware "Operational C r i t i -  
c a l i t y  Categories" (Sect ion A ,  Para- 
graph 3.1) s h a l l  be used as gu ide l ines  
f o r  determining p r i o r i t i e s ,  test 
emphasis, and t h e  al lowable degree of 
q u a l i f i c a t i o n  by non-test  (assessment) 
methods. 

Required t o  provide f o r  r e l i a b i l i t y  
and s a f e t y ,  and' f o r  i t e m  v e r i f i c a t i o n  
t o  s p e c i f i c a t i o n  requirements.  

Equipment q u a l i f i c a t i o n  ( c e r t i f i c a t i o n  
f o r  f l i g h t )  v e r i f i c a t i o n  (test o r  as- 
sessment) s h a l l  be based on a n t i c i p a t e d  
ope ra t iona l  environmental  condi t ions  
as def ined i n  i t e m  s p e c i f i c a t i o n s .  

Each hardware i t e m ,  o r  component, t o  
be used i n  q u a l i f i c a t i o n  tests s h a l l  
f i r s t  s a t i s f a c t o r i l y  m e e t  q u a l i t y  
assurance in spec t ion  and acceptance 
and f u n c t i o n a l  test requirements as 
s p e c i f i e d  i n  t h e  p e r t i n e n t  i t e m  speci-  
f i c a t i o n .  

Required t o  v a l i d a t e  equipment i t e m s  
f o r  test o r  ope ra t iona l  usage. 

To a s su re  phys ica l  adequacy of q u a l i f i -  
c a t i o n  test a r t i c l e s  wi th  r e s p e c t  t o  
f l i g h t  hardware design. 

Wind tunnel  test d a t a  s h a l l  be ap- 
p r o p r i a t e l y  formatted,  reduced and 
promptly made a v a i l a b l e  t o  t h e  agent  
s p e c i f i e d  by t h e  procurement a c t i v i t y  i n t e r f a c i n g  t e c h n i c a l  a c t i v i t i e s .  
f o r  i n t roduc t ion  t o  t h e  SADSACK d a t a  
bank system. 

To provide NASA and t h e  v e h i c l e  con- 
t r a c t o r ( s )  wi th  necessary engineer ing  
information f o r  t imely performance of 

S t r u c t u r a l  test condi t ions  s h a l l  be To provide f o r  uniformity i n  termi- 
i d e n t i f i e d  as "static" f o r  incremental  nology. 
load a p p l i c a t i o n s ,  "transient" f o r  
load-time r e l a t i o n s h i p s ,  and "dynamic" 
f o r  o s c i l l a t o r y  loadings.  

S t r u c t u r a l  test condi t ions  and l e v e l s  
s h a l l  be i d e n t i f i e d  c o n s i s t e n t  wi th  
t h e  Space S h u t t l e  S t r u c t u r a l  Loads 
Report (TBD) . 

To provide f o r  uniformity i n  t e r m i -  
nology. 

FIGURE 3-1 (Cont.) 
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4. FLIGHT CHARACTERISTICS 

Descript ion of Configuration and Mission - The b o o s t e r  configurat ion and 

ope ra t iona l  performance/requirements are b a s i c  f a c t o r s  i n  the  formulation of t h e  

Phase C / D  wind tunne l ,  f l i g h t  s imula t ion  and i n - f l i g h t  v e r i f i c a t i o n  test p l ans  pre- 

s en ted  i n  subsequent Sect ions 4.1, 4.2 and 4 . 3 ,  r e spec t ive ly .  Figure 4-1 p re sen t s  

the boos te r  r een t ry  p r o f i l e  and o t h e r  performance c h a r a c t e r i s t i c s  evolved during 

the Space S h u t t l e  Phase B s t u d i e s .  

SUMMARY OF BOOSTER FLIGHT CHARACTERISTICS SHUTTLE BOOSTER 

FLIGHT PHKSE 

ALL ENGS 
ALL ENGS 
ENG OUT 
ENG OUT 

BEGIN CRUISE NO WIND 
END CRUISE NO WIND 
BEGIN CRUISE WITH WIND 
EN0 CRUISE WITH WIND 

OPTIMUM AVERAGE CRUISE ALTITUDE (ENG OUT) 

_I_ 

0 . ~ 3 8 8  
0.00455 
0.W273 
0.W312 

15,600 
1a.wo 

0.46 
45.5 

457 
1 ao 

550,469 
180 

, 5  
5,500 
6.600 

690.WO 
13.000 
2,000 
1,6W 

0.00422 

1a.m 

15,600 

500 

14 
1.75 

STAGING 
MACH - 12.D 

a - 0" 
B = 0" 

REENTRY BASELINE TRAJECTORY 
4.25 g - 55 DEG INCLINATION 

FIGURE 4-1 

These, and t h e  r e s u l t a n t  MDAC Phase B Space S h u t t l e  boos t e r  configurat ion 

(see Technical Summary, Booster, MDC E0308-11-3) w i l l  provide a datum f o r  Phase C/D 

design development t e s t i n g  and t e s t i n g  t o  v e r i f y  a n a l y t i c a l l y  p red ic t ed  f l i g h t  

performance. Such t e s t i n g  envis ions a configurat ion evo lu t ion  toward t o t a l  sys  t e m  

design opt imizat ion with t h e  following s t a g e s  of development: 
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o I n i t i a l  Basel ine - The boos te r  configurat ion at Phase C/D c o n t r a c t u a l  

au tho r i za t ion  t o  proceed (ATP). 

modified, as necessary,  and u t i l i z e d  f o r  e a r l y  Phase C tests. This w i l l  b e  

evaluated as a means t o  provide e a r l y  design information on a c o s t  e f f ec -  

tive b a s i s .  

Where p r a c t i c a l ,  Phase B models w i l l  b e  

o Configuration Parametrics - Appropriate v a r i a t i o n s  t o  t h e  i n i t i a l  b a s e l i n e  

configurat ion w i l l  be  i n v e s t i g a t e d  t o  a s c e r t a i n  configurat ion changes 

required t o  improve the  l o n g i t u d i n a l  and l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  and 

c o n t r o l  and performance c h a r a c t e r i s t i c s  , c o r r e c t  problem areas , and r e f i n e  

t h e  configurat ion as necessary t o  s a t i s f y  Phase C c o n t r a c t u a l  design s a f e t y  

and performance requirements. 

o Requirements Baseline - The configurat ion r e s u l t i n g  from i n t e g r a t i o n  of 

configurat ion parametr ics  eva lua ted  during t h e  previous s t a g e  of develop- 

ment. 

performance requirements. 

The r e s u l t a n t  conf igu ra t ion  would s a t i s f y  Phase C design s a f e t y  and 

o Optimized Basel ine - A refinement t o  the  requirements b a s e l i n e  supported by 

l i m i t e d  parametr ic  tests d i r e c t e d  toward o v e r a l l  design optimization. The 

conf igu ra t ion  op t imiza t ion  would at tempt  t o  achieve t h e  most e f f i c i e n t  bal-  

ance (and c o s t  e f f e c t i v e n e s s )  between optimum packaging, thermal design 

e f f i c i e n c y  and optimum f l i g h t  c h a r a c t e r i s  t ics  and handl ing q u a l i t i e s  

throughout t he  f l i g h t  spectrum. 

o Ferry Configuration - A design v a r i a t i o n  t o  the optimized b a s e l i n e  incor- 

po ra t ing  add-on propuls ion and/or high l i f t  modif icat ion k i t  necessary t o  

achieve f e r r y  mission performance requirements. 
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4.1 Wind Tunnel T e s t i n g  - Wind tunne l  tests of appropr i a t e ly  designed sub- 

scale models of t he  b o o s t e r  w i l l  be conducted t o  s a t i s f y  the  requirements as s t a t e d  

i n  Sect ion 4.1.2. The tests are categorized c o n s i s t e n t  w i th  the  d a t a  requirements 

t o  support  aerodynamic, thermodynamic, loads,  s t r u c t u r a l  dynamic, and propuls ion 

design analyses  used i n  the  booster  conf igu ra t ion  development and v e r i f i c a t i o n  of 

p red ic t ed  f l i g h t  environment and performance. The tests are f u r t h e r  categorized i n  

accordance w i t h  t h e  p r i o r i t y  levels as presented i n  Figure 4.1-1. 

TEST PRIORITY LEVELS 

CRITERIA 

Program Crit ical .  Related t o  crew 
s a f e t y ,  high p r o b a b i l i t y  of mission 
occurrence, very high confidence 
r equ i r ed  of mission f u l f i l l m e n t .  

Program C r i t i c a l .  Related t o  m e e t -  
i n g  o v e r a l l  o b j e c t i v e s  of S h u t t l e  
Program, high p r o b a b i l i t y  of mission 
occurrence, high confidence required 
of mission f u l f i l l m e n t .  

Program Desirable.  Related t o  crew 
sa fe ty -  l o w  p r o b a b i l i t y  of miss i o n  
occurrence,  high confidence required 
of mission f u l f i l l m e n t .  

Program Desirable .  Related t o  m e e t -  
i n g  o v e r a l l  o b j e c t i v e  of S h u t t l e  
Program, l o w  p r o b a b i l i t y  of mission 
occurrence,  low confidence required 
of mission f u l f i l l m e n t .  

Insurance.  Related t o  inc reas ing  
Levels 1 through 4 t o  a h ighe r  con- 
f idence level of mission f u l f i l l m e n t  

MDAC INTERPRETATION 

Tests required t o  de f ine  and eva lua te  
the I n i t i a l  Baseline Configuration 
c h a r a c t e r i s t i c s  and t o  v e r i f y  changes 
t h a t  b r i n g  t h e  I n i t i a l  Baseline Con- 
f i g u r a t i o n  t o  a s ta te  t h a t  meets the 
s a f e t y  and performance requirements 
(Requirements Baseline conf igu ra t ion ) .  

Tests t o  c h a r a c t e r i z e  the  I n i t i a l  Base  
l i n e  Configuration i n  off-nominal and 
short-t ime durat ion f l i g h t  condi t ions.  

Tests t o  optimize the  Requirements 
Baseline Configuration. 

Ver i f i ca t ion / spec ia l i zed  t e s t i n g  of 
t h e  Optimized Baseline Configuration 
t h a t  is  expected t o  meet s a f e t y  and 
performance requirements . 
Addit ional  t e s t i n g  t o  more accu ra t e ly  
def ine any of  t he  above items (gener- 
a l l y  l i m i t e d  t o  #4). 

FIGURE 4.1-1 

B4.1-1 
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The test p r i o r i t y  level  c r i t e r i a ,  as shown i n  Figure 4.1-1 w a s  def ined by NASA-MSC 

LTR EX24/7101-15B, dated 20 January 1971. 

c r i t i c a l i t y  levels cannot be  appl ied t o  wind tunnel  tests on a one-to-one b a s i s ,  an 

i n t e r p r e t a t i o n  is  presented which relates p r i o r i t y  levels t o  evo lu t ion  of configura- 

t i o n  and a s s o c i a t e d  wind tunnel  tests. 

sys t ema t i c  approach t o  t h e  configurat ion development progressing from e s s e n t i a l  

d e f i n i t i o n  of a conf igu ra t ion  t o  meet s a f e t y  and performance requirements t o  an 

optimized conf igu ra t ion  experimentally defined t o  a high confidence l e v e l .  

diagram dep ic t ing  t h e  evo lu t ion  of conf igu ra t ion  (as def ined i n  Sect ion 4.)  vs. 

aerodynamic wind tunnel  tests by p r i o r i t y  l e v e l  i s  shown i n  Figure 4.1-2. 

Since a l i t e r a l  i n t e r p r e t a t i o n  of program 

The p r i o r i t y  system thus defined provides a 

A l o g i c  

4.1.1 Summary - Approximately 28,200 occupancy hours of boos t e r  wind tunnel  

tests have been i d e n t i f i e d  t o  s a t i s f y  t h e  tes t  requirements presented i n  Sect ion 

4.1.3. These hours de l inea ted  by technology category and p r i o r i t y  level are sum- 

marized i n  Figure 4.1-3. 

CONFIGURATION D E V E L O P  ENT LOGIC DIAGRAM 
CONFIGURATiON E V O ~ U T ~ O ~  VS. ~ ~ I O ~ T ~ ~ E D  A E R ~ ~ ~ N A ~ I C  TESTS 

o STABILITY AND COtiTROL o S T A B l L I n  AND CONTROL i i 0 STING IhTERPEEENCE EFFECTS i 
c ~ m m i i s n c s  WITH 1 CHAWTERISTICS ON S T A B l L l n  AND COUTROL I 
ABES J E T  EFFECTS r) - WITH GROUND EFFECTS : CHbFUCTERISTICS 

CHAFACRRISTICS AEROELASTIC AERWYNAMIC i 
: SURFACES EFFECTS ON 
! STABILITY AND CONTROL ! 

spin AND s m  RECOYERY 

0 JET FLAP EFFECTIVENESS ; ACPS JET EFFECTS 

1 CHARACTERISTICS 
I ( I F  REQUIRED) -----...-..- I 

.......-........ 9" .............................. ................ ".-...; - ......-........ .............. ,i 
o STABILITY AND CONTROL I 
D JET FLAP EFFECTIVENESS 

CFAFACTERISTICS 

................... ............................. ................................... 4 ..................................... ..L. ......................... .-...+ .... "... .........--...-.... 
. o S U B I L I T Y  AND COHTROL . 

CHAFACTERISTICS 
omm7ATION 

V 
o STABILITY AND CDNTROL 

c H b I u c T E u I s n c s  
JET FLAP EFFECTIVENESS ........................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ......................................... .................... i .......................................... 

o VEFJPIC*TIUl O? PQXDICTED T€SlS TO INCREASE 
STABILITY AND CONTROL 
CWRLCRRISTICS 

- U I T H A B t S J E T E P P E m  i MT* - UllX GRCUND EPPeCFj o URGE SCAU (s lG7.) FREE 
-YI l l IAFzES J E T A D  PLIGHT 

i. CMFIDEllCE LEVEL 

- m m  ABES 3Et m C T S  I 0 N m l T l a a L  s u I ) s ~ ~ T l l l c  

GROUND SFFECTS 
o SFINAHDSPMRSCOVeRY i 

cmIucrmsncs 
0 AERc%usTIcAEROmmmc i 

i SURFACESEFFECIS 
i o DYLHWIC DERIVATIVES 
o STING IKnRPEWNCE KFFECTS i 

I D  ACPS JET EFFECTS 
i D JET FLAP EFFECTIVENESS i _ ..............-. ..................... L ........................................... + ........................................... c---.------------ 

STABILITY AND CONTROL i 
CHAFACRRISTICS 
- U l T H M  AUES JET EFFECTS i 

f - WITH ABES JET EFFECTS : 

FIGURE 4.1-2 
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Summary of  Booster Wind Tunnel T e s t  
Occupancy Hours 

I Loads 1 2,360 

2 

440 

7 80 

- 
1,220 

PART 111-5 
TEST 

FIGURE 4.1-3 

4.1.2 Requirements and J u s t i f i c a t i o n  - Generalized wind tunnel  d a t a  require- 

ments by technology category are presented i n  Figure 6.1-4. 

t o  support  design analyses  encompassing configurat ion development and refinement 

These d a t a  are necessary 

and v e r i f i c a t i o n  of p red ic t ed  f l i g h t  environment and performance. 

4.1.3 T e s t  Approaches - The proposed MDAC Phase C / D  boos t e r  wind tunnel test 

program i s  presented i n  accordance wi th  t h e  technology ca t egor i za t ion  as follows : 

4.1.3.1 Aerodynamic Wind Tunnel Tests 

4.1.3.2 Thermodynamic Wind Tunnel T e s t s  

4.1.3.3 Loads Wind Tunnel Tests 

4.1.3.4 

4.1.3.5 Propuls ion (ABES) Wind Tunnel T e s t s  

S t r u c t u r a l  Dynamic Wind Tunnel T e s t s  

A l i s t i n g  of recommended f a c i l i t i e s  t o  accomplish the  proposed tests is  presented 

i n  Sec t ion  4.1.3.6. The schedule of performance of t e s t i n g  r e l a t e d  t o  t h e  major 

program milestones is presented i n  Sec t ion  4.1.3.7. 

4.1.3.1 Aerodynamic Wind Tunnel Tests - The Phase C/D aerodynamic wind tunnel  

test program f o r  t he  boos te r ,  summarized i n  Figure 4.1-5, provides t h e  d a t a  necessary 

t o  f u l f i l l  t h e  fol lowing o b j e c t i v e s :  (1) support  design analyses ,  (2) conf igu ra t ion  

84.1-3 
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Space S h ~ ~ ~ l @  Program - Phas 

BOOSTER W I N D  TUNNEL TEST DATA REQUIREMENTS 

1 TEST DATA REQUIREMENTS 

(a) Aerodynamics 

(1) The pitch-roll-yaw s ta t ic  
and dynamic s t a b i l i t y  and 
c o n t r o l  c h a r a c t e r i s  t i c s  and 
ass o c i a  te d f l i g h t  pe r fo  nuance 
throughout t h e  e n t r y ,  t r a n s i -  
t i o n ,  c r u i s e  and landing 
f l i g h t  modes, i nc lud ing  condi- 
t i ons  of subsonic  spin.  

(2) Induced aerodynamic fo rces  and 
moments r e s u l t i n g  from the  
ope ra t ion  of the ACPS and t h e  
ABES . 

(b) Thermodynamics 

(1) Gasdynamic h e a t i n g  of t h e  
boos te r  f o r  condi t ions of  
e n t r y ,  i nc lud ing  assessment 
of h e a t  t r a n s f e r  t o  the  base 
region and main engine nozzles  
w i t h  and without  main engines 
burning, h e a t i n g  of  l o c a l i z e d  
d e t a i l s  such as windshield,  
leading edges, chines ,  f i l l e t s  , 
and TPS protuberances and gaps. 

(c) Loads 

(1) Ex te rna l  p re s su re  d i s t r i b u t i o n  
of t h e  b o o s t e r  during e n t r y  and 
post-entry,  aerodynamic s u r f a c e  
loads,  and aerodynamic c o n t r o l  
s u r f a c e  hinge moments. 

(d) S t r u c t u r a l  Dynamics 

(1) The f l u c t u a t i n g  p res su re  envi- 
ronment and t h e  aerodynamic sur -  
f ace dynamic loading r e s u l t i n g  
from b u f f e t  i n  t h e  t r a n s o n i c  
regime and f l u t t e r  boundaries 
f o r  condi t ions of pos t-entry 
f l i g h t  . 

~ 

54.1-4 

PART 111-5 
TEST 

JUSTIFICATION 

S t a b i l i t y  and c o n t r o l  analyses and 
f l i g h t  performance p red ic t ions .  

S t a b i l i t y  and c o n t r o l  analyses ,  ABES 
and ACPS design opt imizat ion,  and 
f l i g h t  performance p red ic t ions .  

Thermal environment d e f i n i t i o n s  and 
TPS design. 

S t r u c t u r a l  analyses ,  TPS design, and 
l o c a l  flow e f f e c t s  on performance and 
s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s  tics 

S t r u c t u r a l  dynamics analyses,  TPS 
design, determinat ion of dynamic envi 
ronment, and p r e d i c t i o n  of f l y i n g  
q u a l i t i e s .  

I 
FIt iURE 4.1-4 
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TEST DATA REQUIREMeNTS 

(e) Propulsion 

BOOSTER WIND TUNNEL TEST DATA REQUIREMENTS 

JUSTIFICATION 

PART 1 / 1 4  
TEST 

(1) Airbreathing engines i n l e t  duct  
p re s su re  recovery, i n t e r a c t i o n  
wi th  adjacent  i nduc t ion  s y s  t e m s  , 
and exhaust duc t  ope ra t ing  char- 
acter is t ics  and i n t e r a c t i o n  with 
adjacent  engines and v e h i c l e  sur-  

Airbreathing engine i n l e t  and e x i t  
design, engine i n s t a l l a t i o n  design, 
and ope ra t ing  envelope assessment. 

faces .  I I 
FIGURE 4.1-4 (Cont.) 

development, (3) eva lua t ion  of of f-nominal and short-t ime f l i g h t  condi t ions , (4) 

configurat ion refinement,  and (5) v e r i f i c a t i o n  of t he  f i n a l  configurat ion t h a t  has  

been optimized consis  t e n t  with s a f e t y  and performance requirements. This  test 

program assumes maximum advantage of t h e  t e s t i n g  accomplished during and p r i o r  t o  

Phase B bu t  assumes t h a t  t h e  Phase C/D c o n t r a c t  w i l l  s p e c i f y  design changes necessi-  

t a t i n g  new models f o r  d e f i n i t i o n ,  eva lua t ion ,  and opt imizat ion.  

The proposed Space S h u t t l e  boos t e r  aerodynamic wind tunne l  occupancy hours f o r  

t he  Phase C / D  test program are summarized by speed range and level of p r i o r i t y  as 

def ined i n  Figure 4.1-1. The test c a t e g o r i e s  of (1) subsonic,  (2) t r anson ic ,  (3) 

supersonic ,  and (4) hypersonic speed regimes are r e p r e s e n t a t i v e  of t h e  complete 

spectrum of b o o s t e r  alone f l i g h t  (beyond t h e  in f luence  of t he  o r b i t e r  flow f i e l d ) .  

The wind tunne l  tests address  t h e  f l i g h t  modes of post-separat ion (normal and 

a b o r t ) ,  e n t r y ,  t r a n s i t i o n ,  cruise and landing,  and h o r i z o n t a l  takeoff  ( f e r r y  con- 

f i g u r a t i o n ) .  A major p o r t i o n  of the b o o s t e r  f l i g h t  p r o f i l e  is  depicted by the  

design e n t r y  t r a j e c t o r y  shown i n  Figure 4-1 which is  i n d i c a t i v e  of  t h e  magnitude 

and range of f l i g h t  condi t ions r equ i r ing  test s imulat ion.  

The subsonic  and t r anson ic  Mach number ranges,  comprising up t o  99% of t h e  

flyback f l i g h t  t i m e ,  r e q u i r e  t h e  l a r g e s t  number of test hours  t o  completely develop, 

optimize,  and v e r i f y  t h e  o r b i t e r  configurat ion.  The t o t a l  test hours by p r i o r i t y  

B4.1-5 
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OCCUPANCY HOURS 
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F I G U R E  4.1-5 

i n d i c a t e  t h a t  ver i f icat ion/special ized t e s t i n g  of the optimized base l ine  configura- 

t i o n  ( P r i o r i t y  4 )  requi res  approximately 60% of the test hours needed t o  def ine  and 

eva lua te  t h e  i n i t i a l  b a s e l i n e  configurat ion c h a r a c t e r i s t i c s  wi th  incorporated 

changes t h a t  may be requi red  to m e e t  s a f e t y  and performance requirements 

( P r i o r i t y  1 ) .  

A reasonable  rate of expendi ture  of t h e  required tes t  hours based on t h e  cri- 

teria of development of t h e  conf igura t ion  on a t imely b a s i s  while  allowing f o r  

reasonable  t i m e  f o r  ana lys i s  u t i l i z a t i o n  of t h e  test da ta ,  reasonable u t i l i z a t i o n  

of t h e  t es t  f a c i l i t i e s ,  and t imely support  t o  t h e  f l i g h t  test program is shown by 

t h e  schedule  presented  i n  Sect ion 4.1.3.7. 

l e v e l  wi th  r e spec t  t o  major o r b i t e r  program milestones is  presented i n  Figure 4.1-6. 

Percent  of test completion by p r i o r i t y  

An expanded summary of t h e  boos te r  aerodynamic wind tunnel  test program is 

presented i n  Figure 4.1-7. 

The subsonic  tests l i s t e d  provide d a t a  f o r  determining the boos te r  c r u i s e ,  

approach, landing,  and f e r r y  conf igura t ion  Longitudinal and l a t e r a l - d i r e c t i o n a l  

s t a t i c  and dynamic s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s ,  a e r o e l a s t i c  wing and . 

vert ical  t a i l  e f f e c t s  on s t a b i l i t y  and con t ro l ,  and s p i n  and s p i n  recovery char- 

04.1-6 
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PERCENTAGE OF TEST COMPLETION 
vs . 

MAJOR PROGRAM MILESTONES 

I 60% I 100% 
P r i o r i t y  1 
(Def in i t i on )  

I 50% I 75% 
P r i o r i t y  2 
(Of f-Nominal) 

I 40% I 90% 
P r i o r i t y  3 
(Optimization) 

P r i o r i t y  4 
(Ver i f i ca t ion /  
Special ized)  

V e r i  f i cat ion )  

PRIOR TO 

100% 

*HTO - Horizontal  Takeoff 
*VTO - Vertical Takeoff 
** - E s s e n t i a l  v e r i f i c a t i o n  tests complete 

FIGURE 4.1-6 

acteristics. High angle  of a t t a c k  d a t a  f o r  a n a l y t i c a l  s p i n  s t u d i e s  are also 

included. 

and c o n t r o l  are a l s o  included. The t r anson ic ,  supersonic ,  and hypersonic tests 

provide d a t a  f o r  determining the  boos te r  e n t r y ,  angle  of a t t a c k  t r a n s i t i o n ,  and 

c r u i s e  a t t i t u d e  s t a t i c  and dynamic s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s ,  s t i n g  

i n t e r f e r e n c e  e f f e c t s  

and c o n t r o l  (with thermal deformation e f f e c t s  included i n  t h e  supersonic  and hyper- 

s o n i c  Mach number range). 

Propulsion System (ACPS) j e t - i n t e r a c t i o n  effects i n  t h e  supersonic  and hypersonic 

Mach number range. Large scale model drop tests are included under t h e  subsonic 

speed category f o r  v e r i f i c a t i o n  of both t h e  s p i n  tunnel  experimental  r e s u l t s  and 

a n a l y t i c a l l y  determined s p i n  and recovery c h a r a c t e r i s t i c s .  These drop tests could 

The ABES je t  effects on the  cruise and landing configurat ion s t a b i l i t y  

and a e r o e l a s t i c  wing and ver t ical  t a i l  e f f e c t s  on s t a b i l i t y  

Also included are tests t o  determine A t t i t u d e  Control 

B4.1-7 
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be done a t  e i t h e r  t he  NASA Langley Research Center o r  t h e  F l i g h t  T e s t  Center a t  

Edwards, Cal i forn ia .  

The recommended test f a c i l i t i e s  referenced i n  Figure 4.1-7 by numerical 

i d e n t i f i c a t i o n  are presented i n  Sect ion 4 . 1 . 3 . 6 .  

t h e  recommended f a c i l i t i e s  is  given the re in .  

A r a t i o n a l e  f o r  s e l e c t i o n  of 

4.1.3.2 Thermodynamic Wind Tunnel Tests - The thermodynamic wind tunnel  test 

program is requi red  t o  supplement e x i s t i n g  a n a l y t i c a l  methods f o r  p red ic t ing  aero- 

dynamic hea t ing ,  boundary-layer t r a n s i t i o n ,  and rocket  exhaust e f f e c t s  on base 

heat ing.  I n  add i t ion ,  t h e  test program w i l l  supply d a t a  t o  be used t o  e s t a b l i s h  t h e  

thermal i n t e g r i t y  of the  conf igura t ion .  

Unlike t h e  aerodynamic wind tunnel  tests, t h e  thermodynamic tests are l imi t ed  

t o  s t u d i e s  i n  t h e  supersonic  t o  hypersonic speed regime. Therefore,  they have been 

categorized according t o  d a t a  ga ther ing  technique r a t h e r  than speed regime. 

test types are as fol lows:  

The 

Type 1 - Surface Flow Visua l i za t ion  - Oil-flow techniques w i l l  be u t i l i z e d  

wi th  scale models of t h e  complete boos te r  t o  i d e n t i f y  s t reaml ine  d i r e c t i o n ,  

vor tex  shee t  impingement, boundary-layer s epa ra t ion  and reattachment regions,  

and o ther  l o c a l  flow phenomena. 

Type 2 - Thermal Mappins - T e s t s  w i l l  be conducted wi th  models having su r faces  

f ab r i ca t ed  of low thermal d i f f u s i v i t y  materials and coated with phase-change 

type  p a i n t s .  This  technique provides contours of cons tan t  temperature (iso- 

therms) and i n d i c a t e s  high heat ing ra te  zones on t h e  model. 

Type 3 - Measurements a t  Discrete Locations - Models instrumented a t  d i s c r e t e  

l o c a t i o n s  w i l l  be used t o  acqu i r e  q u a n t i t a t i v e  da ta .  

The hours of  thermodynamic t e s t i n g  planned are summarized by test type  and 

p r i o r i t y  l e v e l  i n  Figure 4.1-8. 

Figure 4.1-9 is an expanded summary of the  thermodynamic wind tunnel  t e s t i n g .  

04.1 -‘13 
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OCCUPANCY HOURS 

TYPE OF TEST 

FIGURE 4.1-8 

PART 111-5 
TEST 

Each test w i l l  inc lude ,  w i th in  the  l i m i t a t i o n  of f a c i l i t y  c a p a b i l i t y ,  condi t ions  

of Mach number and Reynolds number t h a t  s imula te  as nea r ly  as poss ib l e  t h e  en t ry  

environment. 

scale models of t h e  complete boos te r  vehic le .  

where loca l i zed  areas w i l l  be  s tud ied  i n  g r e a t  depth us ing  l a r g e  scale ve r s ions  of 

p a r t i c u l a r  components. 

j e t - f l a p  development, nose and forward fuselage conf igura t ion  development, and t h e  

effects of s u r f a c e  protuberances and roughness. 

A l a r g e  p o r t i o n  of t h e  planned t e s t i n g  w i l l  be  conducted using s m a l l  

Many a d d i t i o n a l  tests are planned 

Among t h e s e  are t h e  tests dea l ing  wi th  ACPS nozzle  hea t ing ,  

S t a t i c  pressure  d a t a  w i l l  be gathered along wi th  hea t  t r a n s f e r  d a t a  i n  Type 3 

tests. 

boundary l a y e r  a t  var ious  l o c a t i o n s  on t h e  model t o  f a c i l i t a t e  determinat ion of 

t h e  l o c a l  flow condi t ions.  

I n  add i t ion ,  one test w i l l  be devoted t o  p i to t -pressure  surveys of t h e  

B4.1- 1 4 
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4.1.3.3 Loads Wind Tunnel Tests - The proposed boos ter  loads wind tunnel  tests 

are ca tegor ized  as follows: 

a) Pressure  D i s t r i b u t i o n  T e s t s  

b) Aerodynamic Surface Loads 

c )  Control  Surface Hinge Moments 

A summary of t h e  proposed loads wind tunnel  occupancy hours by t h e s e  ca t egor i e s  

vs. speed range i s  presented i n  Figure 4.1-10. 

BOOSTER LOADS WIND TUNNEL TESTS 
OCCUPANCY HOUR SUMMARY 

TOTAL 

FIGURE 4.1-10 

1,620 

1,200 

540 

3,360 

The p res su re  d i s t r i b u t i o n  tests are required t o  provide supplementary experi-  

mental p ressure  d a t a  t o  accu ra t e ly  de f ine  d i s t r i b u t e d  pressures  on t h e  veh ic l e .  

I n i t i a l  tests are requi red  e a r l y  i n  Phase C/D i n  order  t h a t  these  da t a  are a v a i l a b l e  

f o r  input  t o  the  des ign  load a n a l y s i s  cyc le  p r i o r  t o  PDR. Subsequent tests would 

be  requi red  t o  provide experimental  p ressure  d i s t r i b u t i o n  d a t a  f o r  t h e  conf igu ra t ion  

des ign  as i t  progresses  i n  evolu t ion  from t h e  I n i t i a l  Baseline t o  a Requirements 

Basel ine (by CDR) and v e r i f i c a t i o n  of a n a l y t i c a l l y  pred ic ted  pressure  d i s t r i b u t i o n s  

f o r  t h e  Optimized Basel ine conf igura t ion .  The aerodynamic su r face  loads  tests and 

c o n t r o l  su r f ace  hinge moment tests are requi red  t o  provide aerodynamic loads  and 

84.1 - 17 
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moments a t  t h e  wing and vertical t a i l  roo t  s e c t i o n s  and hinge moment d a t a  f o r  t h e  

moveable c o n t r o l  sur faces .  S imi la r  t o  t h e  p re s su re  d i s t r i b u t i o n  tests, tunnel  

e n t r i e s  would be requi red  cons i s t en t  wi th  t h e  need t o  provide design loads  a n a l y s i s  

f o r  t h e  I n i t i a l  Basel ine (by PDR) t h e  Requirements Baseline (by CDR), and t o  v e r i f y  

a n a l y t i c a l l y  pred ic ted  design va lues  f o r  t h e  Optimized Baseline conf igura t ion .  

An expanded summary of t h e  boos te r  l oads  wind tunnel  tests i s  presented i n  

Figure 4.1-11. 

4 . 1 . 3 . 4  S t r u c t u r a l  Dynamics Wind Tunnel Tests - The proposed booster  configur- 

a t i o n  s t r u c t u r a l  dynamics wind tunnel  tests are categorized by t h e  following types 

of tests: 

a )  Dynamic Loads Wind Tunnel Tests 

o Post Entry F luc tua t ing  Pressure  

o Post  Entry Buffet  

b) F l u t t e r  Wind Tunnel Tests 

o Complete Vehicle F l u t t e r  

o Panel F l u t t e r  

A summary of t h e  proposed s t r u c t u r a l  dynamic wind tunnel  tests by types of 

test vs. speed range is presented i n  Figure 4.1-12. 

Ana ly t i ca l  techniques and methods a lone  are not  s u f f i c i e n t  t o  provide assurance 

t h a t  t h e  dynamic c h a r a c t e r i s t i c s  and s t a b i l i t y  margins of t h e  boos te r  s t r u c t u r e  are 

accura t e ly  descr ibed.  A s t r u c t u r a l  dynamics wind tunnel  test program combined wi th  

dynamic ground tests on models and f u l l  scale components and supplementary dynamic 

ana lyses  w i l l  provide t h i s  assurance.  The wind tunnel  program has been e s t ab l i shed  

t o  ob ta in  t h e  d a t a  necessary t o  conduct dynamic response ana lyses ,  v e r i f y  aerodynamic 

s u r f a c e  dynamic loadings ,  and determine s t i f f n e s s  requirements t o  prevent f l u t t e r  

of aerodynamic su r faces  and e x t e r n a l  panels.  

84.1 - 1 a 
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BOOSTER STRUCTURAL DYNAMIC 
WIND TUNNEL TEST OCCUPANCY HOUR 

SUMMARY 

FIGURE 4.1-12 

The supersonic  and t r anson ic  regions of post  e n t r y  f l i g h t  are of primary 

i n t e r e s t .  Both r i g i d  

and elastic models of maximum s c a l e  compatible wi th  t h e  test f a c i l i t y  w i l l  be used. 

The only subsonic tests t o  be conducted w i l l  be f o r  f l u t t e r .  

Ground v i b r a t i o n  tests w i l l  be conducted on each elastic model t o  ensure t h a t  dynamic 

s imula t ion  is s a t i s f a c t o r y .  

An expanded summary of t h e  booster  s t r u c t u r a l  dynamics wind tunne l  tests is  

presented i n  Figure 4.1-13. 

4.1.3.5 Propuls ion (ABES) Wind Tunnel Tests - The proposed propuls ion wind 

tunnel  tests t o  be conducted on t h e  booster  conf igura t ion  are categorized by t h e  

fol lowing types of tests: 

a )  Development T e s t s  

b) V e r i f i c a t i o n  T e s t s  

c )  Funct ional  V e r i f i c a t i o n  Tests 

A summary of t h e  proposed propulsion wind tunnel  tests by types of test vs. 

speed range is presented i n  Figure 4.1-14. 

The a i m s  of t h e  proposed tests are t o  opt imize t h e  ABES i n l e t  f o r  p re s su re  

recovery and minimize i n l e t  d i s t o r t i o n ,  t o  optimize t h e  ABES exhaust nozz le  and 

e x i t  conf igura t ion  t o  o b t a i n  optimum j e t - f l a p  e f f i c i e n c y ,  and t o  v e r i f y  i n l e t  

04.1-23 
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I SPEED RANGE 
SUBSONIC I TRANSONIC TOTAL 

BOOSTER PROPULSION (ABES) 
WIND TUNNEL TEST OCCUPANCY HOUR 

SUMMARY 
t I I 

I 1. DEVELOPMENT I 120 1 440 1 560 I 
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FIGURE 4.1-14 

door performance a t  t r anson ic  speeds. 

and s m a l l  scale models of t h e  boos te r  and/or j e t - f l a p  canard panel.  

The tests w i l l  be conducted on both l a r g e  

The func t iona l  v e r i f i c a t i o n  tests w i l l  be conducted on a fu l l - sca l e  engine i n  

a l a r g e  wind tunnel  capable  of providing proper f rees t ream ( a l t i t u d e  and speed) 

condi t ions.  

e f f e c t i v e n e s s  w i l l  be inves t iga t ed .  

s i o n  wind tunnel  tests i s  presented i n  Figure 4.1-15. 

S t a r t  c h a r a c t e r i s t i c s ,  engine-out effects, and f i re  ext inguishing 

An expanded summary of t h e  boos te r  ABES propul- 

4.1.3.6 Recommended T e s t  F a c i l i t i e s  - A l i s t  of wind tunnel  f a c i l i t i e s  recom- 

mended f o r  conduct of t h e  proposed Space S h u t t l e  Phase C/D boos te r  wind tunnel  tests 

is  presented i n  Figure 4.1-16. These f a c i l i t i e s ,  i d e n t i f i e d  by consecut ive l i s t i n g  

number, are referenced t o  s p e c i f i c  tests summarized wi th in  t h e  foregoing technology 

ca tegor ies .  For each test  o r  tes t  type,  a re ference  is  given f o r  s e v e r a l  recom- 

mended f a c i l i t i e s  having c a p a b i l i t i e s  which b e s t  match t h e  p a r t i c u l a r  test require-  

ments. The f a c i l i t i e s  are l i s t e d  by speed range (subsonic,  t ransonic ,  supersonic ,  

and hypersonic) and f u r t h e r  ca tegor ized  by con t ro l l i ng  agency (NASA, Navy, A i r  

Force,  o r  Contractor) .  

of t h e  f a c i l i t y  ( fo rce  and moment, p ressure ,  f l u t t e r ,  e t c . )  and Mach Number range, 

an approximate maximum boos ter  model scale commensurate wi th  t h e  phys ica l  character-  

In add i t ion  t o  i d e n t i f y i n g  t h e  type of t e s t i n g  c a p a b i l i t y  

84.1-26 
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i s t i c s  of t h e  f a c i l i t y  i s  given. 

t h e  s e l e c t i o n  of optimum model scales compatible wi th  a wide range of recommended 

f a c i l i t i e s  and test condi t ions.  

An i n i t i a l  Phase C e f f o r t  would be d i r ec t ed  toward 

The recommended f a c i l i t i e s ,  referenced t o  t h e  foregoing tests, were s e l e c t e d  

according t o  t h e  fol lowing guide l ines :  

(1) 

(2) make maximum use of NASA-controlled f a c i l i t i e s  

(3)  

a l low use of l a r g e  models 

provide t h e  test condi t ions  which b e s t  allow t h e  subscale  s imula t ion  of 

t he  f u l l - s c a l e  f l i g h t  environment 

a b i l i t y  t o  support  t h e  test  requirements of each p a r t i c u l a r  test 

al low t h e  conduct of several tests concurrent ly  i n  d i f f e r e n t  f a c i l i t i e s  

t o  accomplish the  tests i n  a t i m e  s c a l e  necessary t o  m e e t  t he  program 

milestones.  

provide d a t a  of maximum r e l i a b i l i t y  and accuracy t o  ensure t h e  development 

of t h e  conf igura t ion  t h a t  most e f f i c i e n t l y  m e e t s  t h e  s a f e t y  and performance 

requirements with the  lowest poss ib l e  c o s t  of test hours and d o l l a r s .  

( 4 )  

(5) 

(6) 

4.1.3.7 Wind Tunnel T e s t  Schedule - The recommended schedule of performance 

of t h e  proposed Phase C/D Space S h u t t l e  booster  wind tunnel  tests i s  presented i n  

Figure 4.1-17. 

major program milestones.  S ignf icant  aspec ts  of t h e  proposed schedule are: 

Types of t e s t ,  categorized by technology, are scheduled r e l a t i v e  t o  

o Complete c h a r a c t e r i z a t i o n  of t he  I n i t i a l  Baseline conf igura t ion  and r e f ine -  

ment of t h a t  conf igura t ion  t o  a Requirements Basel ine by CDR. 

60% of t h i s  e f f o r t  would be  complete by PDR. 

E f f o r t  toward design opt imiza t ion  of t h e  Requirements Basel ine 40% complete 

by PDR and 90% complete by CDR. 

Approximately 

o 

84.1-30 
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o E s s e n t i a l  t e s t i n g  t o  v e r i f y  performance p r e d i c t i o n s  relative t o  t h e  Optimized 

Basel ine complete by CDR. Test ing r e l a t e d  t o  t h e  P r i o r i t y  Level 4 (Verifi-  

c a t i o n l s p e c i a l i z e d  t e s t i n g  o f  Optimized Baseline) cont inues beyond CDR, b u t  

p r imar i ly  addresses  t e s t i n g  which b e s t  f i t s  t h e  P r i o r i t y  Level 4 criteria 

pe r  NASAIMSC Letter EX24/7101-15B (dated 20 January 1971), "Program Des i r ab le  

Related t o  meeting o v e r a l l  o b j e c t i v e  of S h u t t l e  Program, low p r o b a b i l i t y  of 

mission occurrence,  low confidence r equ i r ed  of mission fu l f i l lmen t " .  Such 

tests include: s p i n  and s p i n  recovery c h a r a c t e r i s t i c s ,  dynamic d e r i v a t i v e s ,  

a e r o e l a s t i c  aerodynamic s u r f a c e  e f f e c t s  on s t a b i l i t y  and c o n t r o l ,  s t i n g  

i n t e r f e r e n c e  e f f e c t s ,  e t c .  

o The ma jo r i ty  of Thermodynamic, Loads, S t r u c t u r a l  Dynamics, and Propulsion 

wind tunne l  development t e s t i n g  complete by PDR. Tes t ing  w i t h i n  t h e s e  cate- 

g o r i e s  t h a t  are e s s e n t i a l  t o  t h e  v e r i f i c a t i o n  of p red ic t ed  parameters c r i t i -  

cal  t o  des ign  w i l l  be  completed by CDR. 

t o  impact conf igu ra t ion  des ign  bu t  is e s s e n t i a l  t o  t h e  completion of per- 

formance analyses .  

Test ing beyond CDR is  not  expected 

o Wind tunne l  tests t o  i nc rease  o v e r a l l  program confidence levels w i l l  prob- 

a b l y  be des i r ed  throughout t h e  e n t i r e  program. 

are scheduled a t  a low level of e f f o r t  t o  a po in t  approximately 3 months 

p r i o r  t o  f i r s t  ver t ica l  f l i g h t .  It i s  envisioned t h a t  t hese  tests would 

Such tests ( P r i o r i t y  Level 5) 

inc lude  supplementary t e s t i n g  t o  more accu ra t e ly  d e f i n e  o r  expand upon pre- 

v ious  test r e s u l t s  and provide d a t a  i n  support  of t h e  f i r s t  h o r i z o n t a l  and 

f i r s t  ver t ical  f l i g h t  tests. 
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4.2 F l i g h t  Simulation 

4.2.1 Descr ip t ion  of Simulator - The bas i c  p a r t s  of a func t iona l  man-in-the- 

loop s imula tor  are t h e  crew s t a t i o n ,  t h e  v i s u a l  s imulat ion,  t h e  subsystem con t ro l s  

and d i sp lays ,  and t h e  genera l  purpose computer which is used t o  mechanize t h e  simu- 

l a t o r .  

requi red  f o r  t h e  Booster is shown i n  Figure 4.2-1. 

func t iona l  s imula tor ,  i .e . ,  math models are used t o  s imulate  t h e  system r a t h e r  than  

t h i s  func t ion  being performed by a c t u a l  equipment, except f o r  t h e  cockpi t  c o n t r o l s  

and d isp lays .  

A diagram i l l u s t r a t i n g  t h e  key elements of a man-in-the-loop s imula tor  as 

The s imulator  as depic ted  is a 

KEY ELEMENTS OF A MAN-IN-THE-LOOP SIMULATION 

GENERAL PURPOSE 
COMPUTER 

..................................... 

! SIMULATION TIME 
I EXECUTIVE : . REF. 

I COMPUTER : 
OPERATING I 

i SYSTEM i FLIGHT >..................# 
i VEHICLE { SOFTWARE 
: SIMULATIONS : 

x .................. ..I ................ 2 ! 

;...........-.-.....: SIMULATION 
SUBSYSTEM 
CONTROLS & 
DISPLAYS : 
SIMULATIONS i 

%...................:..................a 

S I  MULATI ONS 

CREW STATION 

FLIGHT CREW 

I 

:FIGURE 4.2-1. 

The s imulator  i n  t o t a l  i s  made up of numerous separate s imulat ions t h a t  are 

combined i n  a manner t o  provide realism. The most obvious p a r t  of t h e  s imula tor  is 

t h e  cockpi t  which is a r e p l i c a  of t h e  i n t e r i o r  of t h e  a c t u a l  crew s t a t i o r .  Visual  

s imula t ions  f o r  animated window d i sp lays  are mounted onto t h e  simulated c r e w  sta- 

t i o n .  

servoed cameras and models f o r  requi red  a l l - a t t i t u d e  geometry. 

The v i s u a l  s imula t ions  usua l ly  involve several closed c i r c u i t  TV systems wi th  

A system of l e n s  

84. 2-1 
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and mi r ro r s  are f requenely  used t o  enhance t h e  f i d e l i t y  of t h e  video images seen 

by the observer  i n  the cockpi t .  

crew/computer i n t e r f a c e  is  required.  

i n s e r t i n g  d a t a  i n t o  t h e  f l i g h t  computer and a d i sp lay  f o r  f l i g h t  computer read-out. 

On Apollo t h i s  w a s  the Display Keyboard (DSKY). On t h e  boos te r ,  t h e r e  w i l l  be  a 

number of Cathode Ray Tubes (CRT's), each wi th  a corresponding keyboard which t h e  

f l i g h t  crews w i l l  use t o  c o n t r o l  t h e  va r ious  computer opera t ions  and modes. Also 

mounted i n  t h e  cockpi t  are a l l  the  va r ious  instruments ,  l e v e r s ,  switches,  pane ls  

and d i s p l a y s  t h a t  make up the  subsystem c o n t r o l  and d i s p l a y  s imula t ions .  Engine 

RPM, altimeters, VOR/DME, f l i g h t  d i r e c t o r s  and t h r o t t l e s  are t y p i c a l  devices  which 

are mechanized subsystem c o n t r o l  and d i s p l a y  s imulat ions.  

Because of t h e  d i g i t a l  f l i g h t  computer, a f l i g h t  

This  i n t e r f a c e  is  normally a keyboard f o r  

The next  component of t h e  s imula tor  concept shown i n  Figure 4.2-1 i s  t h e  l i nk -  

age of t he  cockpi t  wi th  gene ra l  purpose computer. 

and D/A s i g n a l  conversions.  

program which f u n c t i o n a l l y  s imula tes  t he  b a s i c  a i r p l a n e  and a l l  i t s  subsystems. 

f l i g h t  computer sof tware i s  a l s o  s imulated func t iona l ly  on t h e  genera l  purpose 

computer. When the  f l i g h t  computer becomes a v a i l a b l e ,  i t  can be in t e r f aced  t o  

ope ra t e  wi th  t h e  gene ra l  purpose computer. The programming of t h e  genera l  purpose 

computer u sua l ly  incorpora tes  most of t h e  elements i l l u s t r a t e d  by Figure 4.2-1. 

The t i m e  r e f e rence  i n  t h e  genera l  purpose computer i s  used t o  synchronize t h e  

computer ou tputs  wi th  real-time t i m e .  The s imula tor  execut ive  schedules  t h e  com- 

p u t a t i o n s  and input /output  opera t ions  requi red  f o r  t h e  s imula t ion  t o  perform cor- 

r e c t l y .  The opera t ing  system, provided by t h e  computer vendor, i n t e r f a c e s  t h e  

Pr imar i ly ,  t h e  l inkage  is  A/D 

The genera l  purpose computer provides  t h e  s imula t ion  

The 

s imula t ion  programs wi th  the  computer. The v e h i c l e  s imula t ions  are t h e  equat ions 

of motion, t h e  geometry f o r  mechanizing t h e  v i s u a l  s imula t ions  and t h e  equat ions  

f o r  parameters t o  be measured by t h e  sensors  (e.g., a l t i t u d e ,  a t t i t u d e ,  a i r speed ,  

and range) .  The subsystem c o n t r o l s  and d i s p l a y s  s imula t ions  are func t iona l  ( l o g i c  

84.2-2 
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and math) models of each system. 

t racking  devices ,  and platforms t y p i f y  t h e  var ious  f l i g h t  systems. 

ware simulat ion,  which is t h e  l a r g e s t  p a r t  of t h e  s imula tor  program, is normally 

only p a r t i a l l y  done dependlng upon t h e  ob jec t ives  of t h e  s imula tor  involved and of 

t h e  test ob jec t ives .  

required by t h e  NASA f o r  t h e  Space S h u t t l e  program, coord ina t ion  of t h e  f l i g h t  s o f t -  

F l igh t  c o n t r o l s ,  t h r o t t l e s ,  t h r u s t e r s ,  f l a p s ,  

The f l i g h t  s o f t -  

Because of t h i s ,  and t h e  p o s s i b i l i t y  of o the r  s imula tors  

ware s imula t ions  with t h e  NASA and o ther  prime v e h i c l e  con t r ac to r s  w i l l  be  

necessary.  

4 . 2 . 2  Requirements - Man-in-the-loop s imulat ions w i l l  be required throughout 

t h e  boos te r -orb i te r  development program. 

t o  determine p re fe r r ed  methods of opera t ions  from t h e  s tandpoin t  of t h e  f l i g h t  crew. 

The s imula t ions  w i l l  then be  used t o  i d e n t i f y  t h e  requirements of t h e  f l i g h t  crew 

i n t e r f a c e  which w i l l  be  r e f l e c t e d  i n t o  t h e  designs and s p e c i f i c a t i o n s  of t h e  f l i g h t  

I n i t i a l l y ,  s imulat ions w i l l  be required 

hardware and f l i g h t  sof tware.  Simulations w i l l  then be required t o  eva lua te  t h e  

designs and whether they have placed c o n s t r a i n t s  on t h e  p re fe r r ed  methods of opera- 

t i on .  The man-in-the-loop s imual t ions  w i l l  be updated and improved during t h e  

S h u t t l e  development phase and can be  used t o  perform f l i g h t  crew t r a i n i n g  t a s k s  

later i n  t h e  S h u t t l e  program. 

The t a s k s  r equ i r ing  mechanized cockpi t  s imula tors  t o  do man-in-the-loop 

eva lua t ions  on t h e  S h u t t l e  program are as fol lows:  

(a )  Es t ab l i sh  p re fe r r ed  methods of nominal and abor t  opera t ions  throughout 

t h e  mission and conduct p i l o t  r a t i n g  of t h e  f l i g h t  con t ro l s .  

Perform f requent  demonstrations of t h e  p re fe r r ed  methods of opera t ions  (b) 

and eva lua te  any c o n s t r a i n t s  imposed by v a r i a t i o n s  i n  t h e  f l i g h t  system 

design . 
Support test  f a c i l i t i e s  wi th  t a i l o r e d  s imula t ions  of t h e  f l i g h t  systems 

and f l i g h t  condi t ions .  

(c )  

04.2-3 
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(d) Design and develop f l i g h t  sof tware s imulat ions and document the necessary 

s p e c i f i c a t i o n s ,  d e s c r i p t i o n s ,  and i n t e g r a t e d  v e r i f i c a t i o n  data. 

Develop d e t a i l e d  f l i g h t  c r e w  procedures f o r  nominal t i m e  cr i t ical  phases 

of t h e  missions and a l s o  f o r  t h e  abor t  modes. 

Provide f l i g h t  c r e w  p ro f i c i ency  t r a i n i n g  and f l i g h t  p l an  v e r i f i c a t i o n .  

Tasks ( b ) ,  (c )  , and (d) are 

(e) 

( f )  

Task (a )  i s  r equ i r ed  j o i n t l y  by NASA and MDAC. 

required by MDAC. 

f a c i l i t y  . 
Tasks (e) and ( f )  are performed t r a d i t i o n a l l y  by t h e  NASA a t  t h e i r  

On t h e  Booster program, t h e r e  are two recognized areas where mechanized cock- 

p i t  s imu la to r s  are app l i cab le  due t o  d i f f e r e n t  requirements.  

o System design and development a t  MDAC 

o System ope ra t ions  and t r a i n i n g  a t  NASA 

The s imula t ion  a c t i v i t i e s  i n  t h e s e  two areas r e f l e c t  clear d i v i s i o n s  of f a c i l i  

t ies,  d i s c i p l i n e s ,  o b j e c t i v e s  and t iming requirements. I n  t h e  f i r s t  area, MDAC's 

s imula t ion  f a c i l i t i e s ,  resources  and development requirements are dedicated t o  

developing f l i g h t  system hardware. Because of t h i s ,  primary i n t e r e s t  w i l l  be  on 

eva lua t ions  of design parameters and performance d a t a .  On t h e  o the r  hand, NASA's 

s imula t ion  f a c i l i t i e s  are o r i e n t e d  toward e s t a b l i s h i n g  p r e f e r r e d  methods of opera- 

t i o n  and dedicated c r e w  t r a i n i n g .  

An engineer ing cockpi t  s imulator  i s  required a t  MDAC t o  s a t i s f y  t h e  require-  

ments de l inea ted  above. Because of t h e  increased scope of t h e  d i g i t a l  f l i g h t  

computer func t ions ,  t h e r e  i s  a l s o  a requirement f o r  a f l i g h t  sof tware s imulator  

which can b e  used i n  performing t h e  t a s k s  of f l i g h t  sof tware s p e c i f i c a t i o n ,  f l i g h t  

sof tware development and f l i g h t  sof tware i n t e g r a t i o n  v e r i f i c a t i o n .  These a s p e c t s  

of sof tware t e s t i n g  are addressed i n  Paragraphs 5.3.7 and 6 . 2 .  

4 .2 .3  Approach - McDonnell Douglas (MDAC) w i l l  u t i l i z e  an improved v e r s i o n  of 

a fixed-based, s i x  degree of freedom f l i g h t  s imulator  which w a s  used f o r  t h e  Phase B 
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simulation activities. 

functional simulations of flight computer programs, CRT displays, and keyboards. 

Functional simulations will provide two-man operation, subsystem management, and 

GNC operations pertinent to evaluating the preferred methods of operation. 

displays will be designed and mechanized. 

The fixed-base cockpit simulator will be modified to have 

CRT 

Man-in-the-loop simulations forcing 

integration of subsystem management and GNC aspects of crew functions will be con- 

ducted to test maturity of design philosophy and crew/computer procedures. 

simulator will be used to coordinate preferred methods of operation with NASA and 

The 

pertinent subcontractors. 

station, instrumentation and displays, a landing site terrain model, and a rendez- 

vous target model. In pursuit of Phase B objectives, configurations, control sys- 

The Shuttle Simulator facility currently includes a crew 

tems (including artificial stabilization), and navigation aids were programmed and 

are operational. 

provided in Figure 4.2-2. 

A functional flow diagram of the Shuttle simulation program is 

The fidelity of the Shuttle simulator is currently being improved with respect 

This High Fidelity Shuttle Simulator (HFSS) to cockpit and window visual displays. 

will be equipped with the controls and displays listed in Figure 4.2-3 by the end 

of 1971. 

A coordinated master plan of the simulators and hardware/software simulations 

which are pertinent to the booster program will be prepared. Particular attention 

will be directed to optimizing combinations of such mission phases as Boost, Boost 

Abort, Rendezvous, Entry-Transition and Approach-Landing-Roll-out with identifiable 

simulators such as software simulators, procedures simulators, moving base trainers, 

and mission simulators. As the functions to be performed are determined, the opera- 

tional parameters for the computer will be enumerated to determine overall requiements 

such as total number of instructions computational rates and memory capacity. 

84.2-5 
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In addition to defining common simulator software which includes the equations 

of motion, MDAC will also determine the incremental requirements for the Space 

Shuttle avionics simulation separately for each simulator and will describe the 

fidelity and commonality of each avionics simulation in detail. 

supporting rationale for the particular design philosophy underlying the selections 

which include as a minimum, a description of predicted flight crew operations over 

an entire mission as they are pertinent to functions such as rendezvous and entry 

guidance, navigation, attitude control, checkout, fault isolation, data management, 

onboard mission/flight planning. 

MDAC will prepare 

MDAC will conduct an examination of each simulation individually to identify 

requirements which are pivotal to the successful development of the avionics for 

that simulation. Special attention will be focused on the structure of the simulator 

software, the design of the simulator executive, the requirements for simulating the 

highly redundant data bus and the feasibility of interchanging functional simulations 

with actual avionics components on the data bus. Simplified working models of the 

simulations will be devised to demonstrate feasibility and to provide design data 

on the techniques, especially in those areas where more than one technique and/or 

simulation element is acting concurrently, e.g., multiplexed CRT displays, sensor 

data displays, fly-by-wire controls, equations of motion,and cockpit motion during 

a landing approach. 

MDAC will describe the techniques for developing the avionics simulations and 

will provide the necessary guidelines and conditions for proper use. MDAC will 

identify all components of the computer equipment and programming languages which 

are required and possible alternate schemes. 

MDAC will provide the computational requirements for each simulation as a 

basis for specifying the configuration of the computer facilities which mechanize 

the Space Shuttle simulations. Candidate configurations, including the operating 

B4.2-8 
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system c h a r a c t e r i s t i c s ,  w i l l  b e  examined relative t o  t h e  number and types of com- 

p u t e r s ,  i t e r a t i o n  speed, memory capac i ty ,  mass s t o r a g e  devices ,  d a t a  access speed 

and techniques,  per iphery equipment, hybrid i n t e r f a c e s  and o t h e r  unique func t ions  

of t h e  s imulat ions.  

On t h e  Gemini and Apollo programs, i t  w a s  soon learned that f i x e d  based simu- 

l a t o r s  w i th  high f i d e l i t y  v i s u a l  s imulat ions w e r e  more s u i t a b l e  f o r  s p a c e c r a f t  

s imulat ions.  On t h e  o t h e r  hand, commercial a v i a t i o n  has  shown a t r end  toward moving 

base  s imula to r s  f o r  t r a i n i n g .  

u t i l i z a t i o n  of v i s u a l  measurements have l e d  t h e  way toward f i x e d  base  des ign  of 

spacec ra f t  s imulators  wh i l e  t h e  importance of cues de r ived  from apparent accelera- 

t i o n  and a i r p l a n e  motion during o f f  nominal s i t u a t i o n s  have l e d  t o  moving base 

s imulat ions f o r  t h e  a i r p l a n e  s imula to r s .  Since t h e  Space S h u t t l e  combines both 

modes of f l i g h t ,  t h e  s imula to r s  can b e  divided i n t o  two groups accordingly,  f i x e d  

base  and moving base.  Because of t h e  t r a i n i n g  and mission ope ra t ions ,  any moving 

base s imulat ions should be  performed a t  t h e  NASA f a c i l i t i e s .  

f o r  t h e  Booster man-in-the-loop s imulat ions is presented i n  Figure 4.2-4. 

I n a b i l i t y  t o  remove t h e  e f f e c t s  of g r a v i t y  and t h e  

The MDAC schedule 

4.2.4 Support - The McDonnell Douglas F l i g h t  Simulation F a c i l i t y  w i l l  be  used 

t o  support  t h e  mechanization of t h e  S h u t t l e  s imulat ions a t  MDAC. Similar  s imulat ion 

f a c i l i t i e s  are recommended f o r  f l i g h t  s imulator  support  a t  NASA. 

Douglas F l i g h t  Simulation F a c i l i t y  i s  a u n i f i e d  l a b o r a t o r y  complex, which i s  com- 

p r i s e d  of crew s t a t i o n  mock-ups with o p e r a t i o n a l  c o n t r o l s  and instrument ,  c losed 

c i r c u i t  t e l e v i s i o n  out-the-window d i s p l a y s ,  a l a r g e  hybrid computer system and t h e  

The McDonnell 

sof tware r equ i r ed  t o  accu ra t e ly  d e f i n e  a system and i n t e g r a t e  t h e  hardware elements. 

F l e x i b i l i t y  has  been achieved through a c e n t r a l l y  loca t ed  computer complex 

with p e r i p h e r a l l y  loca t ed  crew s t a t i o n s  and d i s p l a y  equipment. 

permits  any of t h e  d i s p l a y  scenes t o  be  "patched in" t o  any of t h e  crew s t a t i o n s .  

This arrangement 

The f a c i l i t y  i s  capable of ope ra t ing  two hybrid s imulat ions and several analog 
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simulat ions simultaneously (e .  g. ,  mated booster  and o r b i t e r  through sepa ra t ion  and 

r e s u l t i n g  t r a j e c t o r i e s ) .  

The hybrid computer system is comprised of two d i g i t a l  computers with per i -  

phera l  equipment, an Information Displays,  Inc.  Computer Graphics System (IDIIOM), 

two l inkage  systems f o r  analog t o  d i g i t a l  and d i g i t a l  t o  analog conversions and a 

number of d i f f e r e n t  types of analog computers. 

which t h e  hybrid f a c i l i t i e s  are in t e r f aced .  

d i g i t a l  computer is t h e  primary u n i t  i n  t h e  hybrid system. 

a satel l i te  computer t o  t h e  6600 f o r  d r iv ing  CRT d i sp lays .  

Figure 4.2-5 shows t h e  manner i n  

A Control Data Corporation (CDC) 6600 

A VARIAN 6201 i s  used as 

SIMULATION SYSTEM INTERCONNECT 

ANALOGS 

CDC 6600 
FILE 98K CORE TAPE 

VISUAL 
DISPLAY 
GENERATION 

HORIZON 
MODELS 

TERRAIN 
MODEL 

TARGET I TUNNELS 

U L  

PRINTER 

231R-V 

_c_l 231 R-V 

* OTHER COCKPIT SIMULATORS 

FIGURE 4.2-5 
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The CDC 6600 is  a l a r g e ,  gene ra l  purpose, mult iprocessor ,  multiprogrammed 

d i g i t a l  computer capable  of s e r v i c i n g  two o r  more independent hybrid problems simul- 

taneously.  The 6600 can a l s o  c o n t r o l  and setup t h e  analog computers and provide 

alphanumeric CRT d i s p l a y s  t o  ope ra to r s  and programmers. It has a c e n t r a l  processor 

w i th  60 b i t  word, 98k memory, 10 p e r i p h e r a l  processors  w i th  12 b i t  word and 4k each 

of memory and major and minor cyc le s  of 1 microsecond and 100 nanoseconds, respec- 

t i v e l y .  Other f e a t u r e s  include:  

12 12-bit  I / O  channels (2 megacycle cha rac t e r  t r a n s f e r  rate) 

2 Line p r i n t e r s  

'1 Card reader  

1 Dual CRT console  

3 Magnetic t a p e  u n i t s  (200, 556, 800 BPI) 

6 Remote CRT consoles 

1 Disk f i l e  w i th  75,000,000 c h a r a c t e r  capac i ty  

2 Remote t e rmina l  mu l t ip l exe r s  

The VARIAN 620i has  a 16 b i t  word (p lus  memory p a r i t y ) ,  12K memory with a 1 .8  

microsecond cycle  t i m e .  It uses  f i x e d  po in t  a r i t h m e t i c  and e i g h t  e x t e r n a l  i n t e r r u p t s .  

Other f e a t u r e s  include: 

1 F u l l y  buffered d a t a  channel 

1 10  cha rac t e r / s ec .  p a p e r  t a p e  s t a t i o n  

1 Magnetic t ape  u n i t  (556 and 800 BPI) 

1 6600 t o  620i channel coupler 

The I D I I O M  is a d i s p l a y  and information input-output system with a programmable 

memory. It enables  t h e  use r  t o  work d i r e c t l y  with a wide range of s t o r e d  informa- 

t i o n  and d a t a  processing ope ra t ions .  I D I I O M  can be  used alone,  o r  f o r  l a r g e  scale 

manipulations such as t h e  Space S h u t t l e  D&C Simulations,  i t  func t ions  as an output  

terminal  f o r  t h e  CDC 6600. I D I I O M  w i l l  produce up t o  s i x  s e p a r a t e  CRT d i s p l a y s  f o r  

. B4.2-12 
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cockpi t  use.  The p r i n c i p a l  components of t h e  sys t em a r e  given below. 

3 21 inch CRT d i s p l a y  screens  

1 I n t e r a c t i v e  l i g h t  pen 

1 Function keyboard (32 keys) 

1 Alphanumeric keyboard and p r i n t e r  

Two analog t o  d i g i t a l ,  d i g i t a l  t o  analog conver te r  systems are a v a i l a b l e ,  an  

Adage 770 and an  Adage 784. 
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4.3 In-Flight V e r i f i c a t i o n  - The f l i g h t  test  v e r i f i c a t i o n  of t h e  boos te r  

mission o r  f l i g h t  c h a r a c t e r i s t i c s  occurs as an i n t e g r a l  p a r t  of t h e  v e r t i c a l  f l i g h t  

test (Sect ion A Paragraph 7.5) and hor i zon ta l  f l i g h t  test (Section B Paragraph 7.4) 

programs. 

4.3.1 F l i g h t  C h a r a c t e r i s t i c s  T e s t  Requirements - The f l i g h t  c h a r a c t e r i s t i c  

test requirements are contained i n  t h e  System F l igh t  T e s t  Requirements (Sect ion A 

Paragraph 7.5, Figure 7.5-1) and t h e  Booster HTO F l i g h t  T e s t  Requirements (Sect ion B 

Paragraph 7.4, Figure 7.4-1). They are excerpted from these  t a b l e s  and l i s t e d  he re  

as Figures 4.3-1 and 4.3-2 f o r  convenience. 

BOOSTER HTO FLIGHT TEST REQUIREMENTS 

TEST REQUIREMENTS JUSTIFICATION 

0 

0 

0 

( I V )  T e s t  Vehicles - F l i g h t  develop- Cost considerat ions.  
ment and v e r i f i c a t i o n  t e s t i n g  i n  
t h e  h o r i z o n t a l  takeoff  regime 
s h a l l  be cons t ra ined  t o  t h e  f i r s t  
t h r e e  boos te rs  constructed.  
Modif icat ions t o  test veh ic l e s  t o  
perform development and v e r i f i c a -  
t i o n  f l i g h t s  s h a l l  be so  designed, 
f ab r i ca t ed ,  and i n s t a l l e d  t h a t  
ready conversion and re furb ish-  
ment can be made t o  t h e  opera- 
t i o n a l  conf igura t ion  fol lowing 
f l i g h t  tests. S p e c i f i c  modifica- 
t i o n s  t o  t h e  test veh ic l e s  f o r  
HTO f l i g h t  tests w i l l  be designed, 
f a b r i c a t e d ,  and i n s t a l l e d  by t h e  
boos te r  cont rac tor .  These s h a l l  
cons i s t  of  t h e  following: 

0 

0 

0 
FIGURE 4.3-1 
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BOOSTER HTO FLIGHT TEST REQUIREmNTS 
(CONTINUED) 

TEST REQUIREMENTS JUSTIFICATION 

0 

0 
0 

(2) Antispin Device - U n t i l  t h e  
t r a n s i t i o n  handl ing 
c h a r a c t e r i s t i c s  of t h e  
boos te r  have been determined, 
no f l i g h t s  i n  the  t r a n s i t i o n  
regime s h a l l  be made without  
an approved a n t i s p i n  device 
i n s t a l l e d  ready f o r  use. The 
a n t i s p i n  device s h a l l  be  
designed t o  f i t  wi th in  t h e  
normal contour of t h e  v e h i c l e  
and so  t h a t  t h e  p o s s i b i l i t y  
of foul ing  con t ro l s  before  o r  
a f t e r  opera t ion  is reduced t o  
a minimum. The func t iona l  
opera t ion  of t h e  device 
w i l l  be  demonstrated p r i o r  t o  
commencing v e r t i c a l  t e s t i n g  . 

This is a veh ic l e  s a f e t y  considerat ion.  

(V) S p e c i f i c  Requirements (booster  
HTO tests) - 

0 
0 
0 

Minimum Requirements - 
Pre fe r ry  Shakedown 

(1) Subject  veh ic l e  and sub- This i s  a t i m e  and cos t  cons idera t ion  
systems t o  a minimum of and is aimed a t  e l imina t ing  need f o r  
t h r e e  hours f l i g h t  t i m e .  maintenance and r e p a i r s  a t  o f f - s i t e  

l oca t ions  during f e r ry .  

(2) Evaluate f l y i n g  
q u a l i t i e s  and per- 
formance of boos te r  
under l i m i t e d  f l i g h t  con- 
d i t i o n s  f o r  f e r r y  under 
VFR/ es c o r t  condi t ions.  

FIGURE 4.3-1 (Cont.) 
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BOOSTER HTO FLIGHT TEST REQUIREMENTS 
(CONTINUED) 

TEST REQUIREMENTS JUSTIFICATION 

HTO T e s t  Requirements Which 
Must B e  Completed P r i o r  t o  
VTO T e s t s  - 

Demonstrate s a f e  and These minimum requirements are defined 
acceptable  f l y i n g  t o  provide a level-of-confidence f o r  
q u a l i t i e s  throughout t h e  i n i t i a l  VTO f l i g h t  recovery opera t ions  
nominal a l t i tude-speed under i d e a l  r e t u r n  condi t ions.  
envelope required t o  
r e t u r n  t o  t h e  launch 
s i t e  from t r a n s i t i o n .  

0 

0 
0 

Assess t h e  boos te r  
veh ic l e ' s  a i rb rea th ing  
c r u i s e  performance suf-  
f i c i e n t l y  t o  v e r i f y  
design mission p r o f i l e s  
f o r  cruisebaek and 
landing. 

Assess t h e  boos te r  
veh ic l e ' s  landing 
approach and landing 
performance and character-  
i s t ics  t o  v e r i f y  and 
r e f i n e  ope ra t iona l  pro- 
cedures and techniques.  

0 
0 

0 
Demonstrate s a t i s f a c t o r y  
opera t ion  of any o t h e r  
subsystem required f o r  
opera t ion  i n  t h e  cruise-  
back and landing f l i g h t  
regime. 

0 

0 

0 

FIGURE 4.3-1 (Cont.) 
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BOOSTER HTO FLIGHT TEST REQUIREMENTS 
(CONTINUED) 

TEST REQUIREMENTS JUSTIFICATION 

(d) Minimum Requirements P r i o r  t o  
Operat ional  Capabi l i ty  - 
(1) Demonstrate s a f e  and Most economical method of proving system. 

acceptab le  f l y i n g  
q u a l i t i e s  throughout t h e  
requi red  opera t ing  
envelope f o r  t h e  f e r r y  
configurat ion.  

0 
0 

0 

( 4 )  Verify f l i g h t  p r o f i l e s  
f o r  f e r ry .  

(5) Verify acceptable  take- 
of f  and landing per- 
f ormance. 

0 

0 

0 

(7) Verify s a t i s f a c t o r y  
opera t ion  of a l l  o t h e r  
subsystems u t i l i z e d  i n  
f e r r y  f l i g h t  mode. 

0 

0 

0 

FIGURE 4.3-1 (Con+.) 
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SYSTEM FLIGHT TEST REQUIREMENTS 

TEST REQUIREMENTS JUSTIFICATIONS 

0 
0 

0 

Minimum Requirements (Ver t i ca l  
Takeoff Tes ts )  

(1) Ver i f i ca t ion  of t h e  Space F ina l  v e r i f i c a t i o n  f o r  ope ra t iona l  
S h u t t l e  System i n  t h e  
ascent  phase from prelaunch 
through sepa ra t ion  from 
zero t o  maximum payload 
cap a b i l i t y  . 

s t a t u s  w i l l  r equ i r e  f l i g h t  demonstrabion. 

(2) Ver i f i ca t ion  of t h e  boos te r  
en t ry  and cruiseback and 
landing phase. 

0 

0 
0 

FIGURE 4.3-2 

4.3.2 F l i g h t  C h a r a c t e r i s t i c s  T e s t  Approaches - The approach t o  t h e  i n f l i g h t  

v e r i f i c a t i o n  of t h e  boos te r  f l i g h t  c h a r a c t e r i s t i c s  is divided i n t o  ho r i zon ta l  takeoff  

and v e r t i c a l  takeoff  sec t ions .  

4.3.2.1 Horizontal  F l igh t  C h a r a c t e r i s t i c s  Ver i f i ca t ion  Approach - The boos ter  

c h a r a c t e r i s t i c s  assoc ia ted  with t h e  cruiseback and landing and t h e  f e r r y  f l i g h t  

phases w i l l  be evaluated and v e r i f i e d  during the  h o r i z o n t a l  f l i g h t  test program. 

The o v e r a l l  h o r i z o n t a l  f l i g h t  test  approach is  descr ibed i n  Paragraph 7.4.2. 

minimum f l i g h t  test  hours requi red  t o  s a t i s f y  t h e  f l i g h t  c h a r a c t e r i s t i c s  test 

requirement are tabula ted  i n  Sec t ion  7.4,2.3 

t r i b u t i o n  by test veh ic l e  and s i te  are shown i n  Figures 7.4-9 and 7.4-10 of  t h a t  

sect ion. 

The 

Figure 7.4-6 and t h e i r  planned dis-  

B403-5 
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Prel iminary Evaluation (Figure 4 . 3 - 1  T e s t  Requirement Nos. (V)b and (V)c) - The 

eva lua t ion  conducted at KSC w i l l  c o n s t i t u t e  t h a t  p a r t  of t h e  ho r i zon ta l  test program 

required p r i o r  t o  t h e  f i r s t ,  and minor, program milestone--ferrying t h e  a i r p l a n e  t o  

t h e  prime hor i zon ta l  test site. 

during t akeof f ,  landing,  and c r u i s e  f l i g h t  w i l l  be evaluated and t h e  absence of 

unsafe f l i g h t  c h a r a c t e r i s t i c s  w i l l  be  v e r i f i e d .  

Vehicle f l i g h t  handling q u a l i t i e s  and performance 

The prel iminary f l i g h t  eva lua t ion  

w i l l  be completed following arrival at Edwards AFB. 

t h e  v e h i c l e  f l i g h t  envelope w i l l  be  completed. 

q u a l i t i e s ,  s t a b i l i t y  and con t ro l ,  performance, and subsystem opera t ion  w i l l  be 

eva lua ted  t o  v e r i f y  t h e  absence of major de f i c i enc ie s  i n  b a s i c  a i rp l ane  f l i g h t  

c h a r a c t e r i s t i c s .  

The cursory inves t iga t ion  of 

The general  o v e r a l l  handling 

S t a b i l i t y  and Control  (Figure 4.3-1 T e s t  Requirement Nos. (V)cl and (V)dl) - 
Booster a i r p l a n e  s t a b i l i t y  and con t ro l  c h a r a c t e r i s t i c s  - l ong i tud ina l ,  lateral, and 

d i r e c t i o n a l  - w i l l  be evaluated and v e r i f i e d  throughout t h e  a i r p l a n e  f l i g h t  envelope. 

Explorat ion of t h e  f l i g h t  envelope w i l l  be done i n  a build-up fashion proceeding 

incremental ly  from t h e  minimum f l i g h t  condi t ions t o  t h e  extremes of t h e  envelope. 

Vehicle handling q u a l i t i e s ,  s tatic and dynamic s t a b i l i t y ,  con t ro l  fo rces  and 

power, t r i m  c h a r a c t e r i s i c s ,  and maneuvering c a p a b i l i t i e s  w i l l  be evaluated i n  

l e v e l  f l i g h t  acce le ra t ion  and dece lera t ion ,  s t i c k  raps ,  rudder k icks ,  r o l l s ,  and 

wind-up turns .  

boos te r  configuration--landing gear  pos i t i on ,  a i r b r e a t h i n g  engine power s e t t i n g s ,  

j e t  f l a p  p o s i t i o n ,  o r  extension of o ther  appurtenances w i l l  be evaluated as app l i -  

cable .  

s i e n t s  w i l l  be v e r i f i e d .  

approach and landing,  t akeof f ,  and i n  unusual f l i g h t  a t t i t u d e s  and turbulence w i l l  

be  v e r i f i e d  t o  be  s a t i s f a c t o r y .  Airbreathing engine-out handling q u a l i t i e s ,  c o n t r o l  

c h a r a c t e r i s t i c s ,  and minimum c o n t r o l  speeds w i l l  be determined. 

The e f f e c t s  of gross  weight,  cen te r  of g rav i ty  pos i t i on ,  and 

The absence of adverse e f f e c t s  from landing gear  ex tens ion / r e t r ac t ion  t ran-  

Handling q u a l i t i e s  and con t ro l  c h a r a c t e r i s t i c s  during 

. 84.3-6 
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This t e s t i n g  w i l l  be  conducted i n  t h e  b a s i c  manual fly-by-wire c o n t r o l  system 

mode and i n t e r f a c e s  wi th  t h e  Avionic subsystem f l i g h t  c o n t r o l  t e s t i n g .  

eva lua t ion ,  over a reduced number of f l i g h t  condi t ions,  w i l l  be  repeated t o  v e r i f y  

t h e  handling c h a r a c t e r i s t i c s  of redundant branches of t h e  s t a b i l i t y  augmentation 

The 

sys  t e m .  

S t a b i l i t y  and con t ro l  t e s t i n g ,  as w e l l  as performance and s t a l l  c h a r a c t e r i s t i c s  

t e s t i n g ,  must be scheduled s o  t h a t  t h e  v e r i f i c a t i o n  of t h a t  p a r t  of t h e  boos te r  

f l i g h t  envelope and condi t ions which encompass t h e  p o s t t r a n s i t i o n  subsonic  g l i d e ,  

c ru i se ,  approach and landing w i l l  be completed p r i o r  t o  t h e  f i r s t  manned o r b i t a l  

mission. 

Performance (Figure 4.3-1 T e s t  Requirements Nos. (V)c4 SI c5 and (V)d4 61 d5) - 
Landing, low speed, and takeoff  performance w i l l  be  evaluated and v e r i f i e d  i n  a 

manner similar t o  t h a t  used i n  conventional l a r g e  a i r p l a n e  t e s t i n g .  

takeoff  procedures,  v e l o c i t i e s ,  and d i s t ances  w i l l  be determined f o r  var ious  veh ic l e  

weights,  conf igura t ions ,  and atmospheric, runway, and cross-wind condi t ions.  

Rejected takeoff  and 

Airbreathing engine-out performance c h a r a c t e r i s t i c s  w i l l  be ve r i f i ed .  

a i rp l ane  f l i g h t  performance w i l l  be  v e r i f i e d ,  inc luding  b e s t  c r u i s e ,  maximum 

endurance, climb performance, c e i l i n g ,  and engine-out e f f e c t s .  

Landing and 

approa&/landing go-around c h a r a c t e r i s t i c s  w i l l  be determined. 

Subsonic 

Buffet  and Minimum Control  (Figure 4.3-1 Test Requirement Nos. ( V ) c l  and 

(V)dl) - The boos ter  s t a l l  and b u f f e t  speeds and f l i g h t  c h a r a c t e r i s t i c s  s h a l l  be 

evaluated and v e r i f i e d .  

c h a r a c t e r i s t i c s  w i l l  be v e r i f i e d .  

r a t i o n  and wi th  var ious  j e t  f l a p  and landing gear p o s i t i o n s ,  and t h e  e f f e c t s  of 

center-of-gravity p o s i t i o n ,  a i r b r e a t h i n g  engine power s e t t i n g ,  and engine-out w i l l  

be evaluated.  

The absence of i n c i p i e n t  s p i n  o r  uncont ro l lab le  f l i g h t  

Tes t ing  s h a l l  be accomplished i n  c r u i s e  configu- 

84.3-7 
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The proper f u n c t i o n a l  ope ra t ion  of  t h e  a n t i s p i n l p i t c h  augmentation device,  

Figure 4.3-1 T e s t  Requirement No. ( I V ) ( 2 ) ,  w i l l  b e  v e r i f i e d  by ope ra t ion  a t  a safe, 

c o n t r o l l e d  f l i g h t  condi t ion during t h e  h o r i z o n t a l  f l i g h t  test program. 

Airspeed C a l i b r a t i o n  (Figure 4.3-1 T e s t  Requirement Nos. (V)c7 and (V)d7) - The 

p r e s s u r e  a i r speed  and a l t i t u d e  p i t o t  and s t a t i c  source survey w i l l  be  conducted t o  

select and c a l i b r a t e  t h e  p re s su re  instrument system. 

conf igu ra t ion  e f f e c t s  w i l l  be  included. 

que, o r  combination of techniques,  such as t r a i l i n g  cone, tower fly-by, o r  pace 

a i r p l a n e ,  w i l l  be  u t i l i z e d .  

Angle-of-attack and v e h i c l e  

A c u r r e n t l y  developed c a l i b r a t i o n  techni- 

4.3.2.2 Vertical F l i g h t  C h a r a c t e r i s t i c s  V e r i f i c a t i o n  Approach - The o v e r a l l  

vertical f l i g h t  test approach i s  descr ibed i n  t h e  Space S h u t t l e  System T e s t  Plan,  

Sec t ion  A Paragraph 7.5. 

launch, and a scen t ,  including s t a g i n g ,  w i l l  be evaluated and v e r i f i e d  during t h e  

mated p o r t i o n  of t h e  vertical  f l i g h t  test program. Booster pos t s t ag ing  mission 

c h a r a c t e r i s t i c s  - e n t r y ,  cruiseback and landing,  and post landing and booster  sub- 

systems ope ra t ion  during a l l  mission phases, w i l l  be v e r i f i e d  i n  these  ver t ical  

f l i g h t  tests. The cruiseback and landing f l i g h t  c h a r a c t e r i s t i c s ,  and app l i cab le  

boos t e r  subsystems operat ion,  i n  t h e  a i r p l a n e  f l i g h t  mode w i l l  have been previously 

v e r i f i e d  i n  t h e  boos te r  h o r i z o n t a l  f l i g h t  test program, descr ibed above and i n  

Paragraph 7.4.2. 

The mission c h a r a c t e r i s t i c s  a s soc ia t ed  with prelaunch, 

The continued eva lua t ion  during t h e  p o s t t r a n s i t i o n  p o r t i o n  of t h e  

vertical f l i g h t  program w i l l  mainly v e r i f y  continued s a t i s f a c t o r y  design f l i g h t ,  

c h a r a c t e r i s t i c s  and subsystems operat ion,  a f t e r  exposure t o  t h e  a c t u a l  launch, 

a scen t ,  and e n t r y  f l i g h t  environments. 

Prelaunch (Figure 4.3-2 T e s t  Requirement No. 1) - The Space S h u t t l e  prelaunch 

c h a r a c t e r i s t i c s ,  such as t h e  procedures, techniques,  and GSE involved i n  maintenance, 

onboard eheckout, e r e c t i o n  and mating, t r a n s p o r t a t i o n  t o  t h e  launch pad, etc., w i l l  

84.3-8 
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be  evaluated and v e r i f i e d  by a c t u a l  u t i l i z a t i o n  during prepara t ion  f o r  t h e  f l i g h t  

test  missions.  

Launch (Figure 4.3-2 T e s t  Requirement No. 1 )  - Launch phase c h a r a c t e r i s t i c s  

inc luding  launch complex f a c i l i t i e s  and opera t ions ,  checkout, crew and p rope l l an t  

loading and launch window c a p a b i l i t i e s ,  w i l l  be eva lua ted  and v e r i f i e d  i n  a c t u a l  

support  of t h e  f l i g h t  test launches. 

Ascent (Figure 4.3-2 T e s t  Requirement No. 1) 7 Mated a scen t  f l i g h t  cha rac t e r i s -  

t i c s  and a p p l i c a b l e  subsystem opera t ion  w i l l  be eva lua ted  and v e r i f i e d  du r ing  t h e  

f l i g h t  test program. 

7.5 and i n  Figure 7.5-3. 

t h e  main propuls ion system t h r u s t  vec to r  con t ro l ,  w i l l  be  evaluated and v e r i f i e d .  

Aerodynamic e f f e c t s ,  inc luding  performance, loads,  hea t ing ,  and flow i n t e r a c t i o n  

e f f e c t s ,  w i l l  be  measured, c o r r e l a t e d  wi th  design ana lyses  and ground test r e s u l t s ,  

and ex t r apo la t ed  t o  v e r i f y  s p e c i f i c a t i o n  design c a p a b i l i t y  t o  perform t h e  design 

re ference  and alternate missions.  

t r ack ing  d a t a  w i l l  be  u t i l i z e d  t o  v e r i f y  t h e  boos te r  main propuls ion system per- 

formance during ascent .  

and c o r r e l a t e d  wi th  propuls ion i n t e g r a t e d  test d a t a  t o  v e r i f y  proper  system 

operat ion.  

The test approach has  been summarized i n  Sec t ion  A Paragraph 

Mated v e h i c l e  guidance and c o n t r o l  c a p a b i l i t i e s ,  u t i l i z i n g  

V e l o c i t y / a l t i t u d e  d a t a  from t h e  v e h i c l e  and 

Propuls ion system d a t a  and t r ack ing  d a t a  w i l l  be compared 

Staging c a p a b i l i t y  a t  nominal f l i g h t  condi t ions  o r  less c r i t i ca l  condi t ions  

(very low dynamic p r e s s u r e s ) ,  w i l l  be  v e r i f i e d .  

c l ean ly ,  without  excess ive  a t t i t u d e  t r a n s i e n t s ,  w i th  subsequent i g n i t i o n  of t he  

o r b i t e r  main propuls ion system. 

var ious  o r b i t e r  g ross  weights and c e n t e r  of g r a v i t y  pos i t i ons .  

The veh ic l e s  w i l l  s e p a r a t e  

Staging c a p a b i l i t y  w i l l  be  demonstrated f o r  

It i s  n o t  planned t o  demonstrate boos te r  main rocke t  engine-out o r  system 

abor t  modes during t h e  mated v e r t i c a l  f l i g h t  test program. 
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Entry (Figure 4.3-2 T e s t  Requirement No. 2) - During t h e  f l i g h t  test program, 

t h e  long i tud ina l ,  lateral, and d i r e c t i o n a l  s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  of 

t h e  boos te r  w i l l  be evaluated and v e r i f i e d  i n  t h e  hypersonic,  supersonic ,  and t ran-  

son ic  f l i g h t  regimes. Vehicle handl ing q u a l i t i e s ,  s t a b i l i t y ,  c o n t r o l  fo rces  and 

power (ACPS and aerodynamic con t ro l  s u r f a c e s ) ,  t r i m  c h a r a c t e r i s t i c s ,  and maneuvering 

c a p a b i l i t i e s  w i l l  be demonstrated. The e f f e c t s  of gross  weight and cen te r  of 

g r a v i t y  v a r i a t i o n s  w i l l  be evaluated. 

s t a b i l i t y  and c o n t r o l  c a p a b i l i t i e s  w i l l  be programmed on later missions. 

opera t ion  u t i l i z i n g  redundant branches of t h e  s t a b i l i t y  augmentation and f l i g h t  

con t ro l  system w i l l  be v e r i f i e d .  

S p e c i f i c  c o n t r o l  i npu t s  t o  demonstrate 

Booster 

V e l o c i t y / a l t i t u d e  d a t a  from t h e  veh ic l e  and t r ack ing  d a t a  from t h e  ground 

network w i l l  be u t i l i z e d  t o  v e r i f y  t h e  aerodynamic performance of t he  booster .  

This  d a t a  w i l l  be co r re l a t ed  wi th  wind tunnel  d a t a  and ex t rapola ted  t o  v e r i f y ,  

along wi th  t h e  a c t u a l  f l i g h t  performance r e s u l t s ,  t h e  design crossrange and foot- 

p r i n t  c a p a b i l i t i e s  of t h e  booster .  

C o n t r o l l a b i l i t y  and performance of t h e  boos te r  during t h e  t r a n s i t i o n  from high 

t o  low angle-of-attack f l i g h t  at t h e  conclusion of t he  en t ry  phase w i l l  be v e r i f i e d .  

An a n t i s p i n  o r  p i t c h  augmentation device,  such as a parachute o r  s o l i d  rocket  

t h r u s t e r s ,  w i l l  b e  provided on boos ters  S/N 2 & 3 f o r  f l i g h t  s a f e t y  purposes during 

t h i s  por t ion  of t h e  f l i g h t  envelope. 

Cruiseback and Landing (Figure 4.3-2 T e s t  Requirement No. 2)  - The boos ter  

f l i g h t  c h a r a c t e r i s t i c s  - handling q u a l i t i e s ,  s t a b i l i t y ,  and c o n t r o l ,  and aerodynamic 

performance - during t h e  p o s t t r a n s i t i o n  

S t a l l  and b u f f e t  speeds and c o n t r o l  c h a r a c t e r i s t i c s  w i l l  be spot-checked and v e r i f i e d  

f o r  var ious  f l i g h t  condi t ions.  

g l i d e  w i l l  be evaluated and v e r i f i e d .  

The a i r p l a n e  f l i g h t  c h a r a c t e r i s t i c s  of t h e  boos te r ,  previously evaluated and 

v e r i f i e d  i n  t h e  ho r i zon ta l  f l i g h t  test program (Paragraph 4.3.2.1), w i l l  be  v e r i f i e d  

. B4.3-10 
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f o r  continued s a t i s f a c t o r y  design f l i g h t  c h a r a c t e r i s t i c s  a f t e r  exposure t o  be 

v ib ra t ion ,  a i r l o a d ,  and hea t  environments imposed by vertical operat ions.  This 

w i l l  be mainly accomplished by nominal ope ra t iona l  use and d a t a  c o l l e c t i o n  during 

cruiseback t o  t h e  landing a t  t h e  launch site. Spec ia l ized  test f l i g h t  condi t ions 

w i l l  be minimized. However, a l imi t ed  number of s t a b i l i t y  apd con t ro l  d a t a  po in t s  

- s t i c k  raps,  wind-up tu rns ,  r o l l s ,  etc. - w i l l  be conducted t o  spot-check t h e  

v e r i f i c a t i o n  d a t a  obtained during t h e  ho r i zon ta l  test  program. 

Pos t landing  (Figure 4.3-2  Test Requirement No. 2) - Postlanding c h a r a c t e r i s t i c s  

of t h e  boos te r ,  such as sa f ing ,  crew egress ,  inspec t ion ,  and maintenance, and t h e  

assoc ia ted  procedures,  techniques,  ground support  equipment, etc., w i l l  be 

evaluated and v e r i f i e d  by a c t u a l  u t i l i z a t i o n .  A prel iminary eva lua t ion ,  without 

t h e  v e r t i c a l  mission environmental e f f e c t s ,  w i l l  a l s o  have been obtained during 

t h e  ho r i zon ta l  a i r p l a n e  mode f l i g h t  t e s t i n g .  

An important p a r t  of t h e  v e r t i c a l  f l i g h t  test program w i l l  be  t h e  v e r i f i c a t i o n  

of subsystem opera t ion  i n  t h e  boos te r  during a l l  mission phases. 

are discussed ind iv idua l ly  i n  Paragraph 5.0. 

These subsystems 
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5. SUBSYSTEM TESTMG 

Development of the major subsystem groups will be accomplished with the use of 

dedicated hardware setups assembled to perform functionally as a complete subsystem. 

Testing will be end-to-end by nature and w i l l  provide data for performance evalua- 

tion to support the CDR, and later to provide verification of specification compli- 

ance. 

characteristics, performance limits, alternate and/or redundant operation mode, 

Subsystem testing will include evaluation of nominal and off-nominal 

malfunction switching and redundant path capability, and evaluation of interface 

conditions. 

The vehicle will be comprised of six major subsystem groups, namely: airframe, 

propulsion, avionics, crew station, power supply, and ground support equipment. 

These subsystems setups will be physically arranged to facilitate substitution of 

qualified components or software for prototype equipment or software to provide 

data for performance verification. 

The approach to subsystem testing will vary based on design requirements and/or 

size, power, or installation peculiarities. Complete functional arrangements will 

be setup where cost effective. 

subsystem, airframe, and propulsion groups, for example, will be implemented because 

Sectionalized or partial assemblies of the complete 

of size and 

performance 

unavailable 

fore , will , 

facility constraints. In such cases, assessment of total subsystem 

will be verified by the use of simulated interface stimulus of the 

portion of the subsystem. Final 

by necessity, be accomplished on 

substantiation 

the completely 

of performance, there- 

assembled vehicle. 
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581 Airframe Group Developmerrt and V e r i f i c a t i o n  Tests - The Airframe Group 

c o n s i s t s  of t h e  S t ruc tu re ,  Landing and Decelerat ion,  and Thermal Pro tec t ion  Sub- 

systems. The Airframe test program defined he re in  was derived following a systems 

approach t o  test requirement recogni t ion  and an i n t e g r a t e d  program approach t o  test 

planning. 

The system and vehicle s p e c i f i c a t i o n s  and criteria, and t h e  s p e c i f i c  designs 

have r e s u l t e d  i n  s e n s i t i v i t i e s  which are t h e  b a s i s  f o r  requirements t o  test. These 

test requirements have been coalesced t o  recognize o r  i d e n t i f y  t h e  scopes of the 

major test programs. Following t h e  pre-es tab l i shed  test phi losophies  and criteria 

(Sect ion A, Paragraph 3 . 0 ) ,  tha approaches t o  test implementation were s e l e c t e d  which 

provide r e s o l u t i o n  of t h e  var ious  t echn ica l  s e n s i t i v i t i e s  i n  an e f f i c i e n t  program. 

The advantage of t h i s  planning approach i s  t h e  de r iva t ion  of the o v e r a l l  most des i r -  

a b l e  ( t echn ica l ly )  and c o s t  e f f e c t i v e  test program. A s l i g h t  disadvantage of t h i s  

i n t e g r a t e d  approach is t h a t  a technology d i s c i p l i n e  order ing  of t h e  t e s t i n g  is  not  

a l t o g e t h e r  obvious. 

To promote a b e t t e r  understanding of t h e  ind iv idua l  technology cons idera t ions  

which have been i n t e g r a t e d  i n t o  t h e  Airframe Group tests, test p lan  summaries f o r  

t h e  Airframe Design, Materials and Processes ,  S t r u c t u r a l  Dynamics, and Thermodynam- 

ics technologies  are presented i n  Sect ions 5.1.2 through 5.1.5, r e spec t ive ly ,  as a 

preface  t o  t h e  Airframe Test Plan. Within t h e  s m a r y  test p lans  the technology 

app l i cab le  test phi losophies  and approaches are ind ica t ed  t o  provide a base f o r  

t h e  test implementation approaches. 

shown i n  Figure 5.1-1. 

The a i r f rame test p l a n  generat ion flow is 
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VERIFICATIOR 

SPECIFICATIONS 

. FIGURE 5.1-1 

5.1.1 Description of Configuration 

5.1.1.1 Booster Arrangement - The single body canard booster (configuration 
20A) structural arrangement is depicted in the general arrangement drawing, Figure 

5.1-2. 

The body volume is primarily devoted to propellant containment, a forward LOX 

tank of a cylindrical and 4 conical elements and a separate aft cylindrical hydrogen 

tank. Both employ spherical segment end domes. Forward of the LOX tank, a nose 

fairing structure contains the pressurized crew compartment and an unpressurized 

equipment stowage space. This space houses the LOX vent system, the forward atti- 

tude control propulsion nozzles with associated valving, the eoekpit environmental 

control and life support system components, and high pressure gas storage. 
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The i n t e r t a n k  bay, providing access f o r  s e r v i c e s  t o  t h e  a i rb rea th ing  engine 

i n s t a l l a t i o n s  i n  the  j e t  f l a p  canard,  a l s o  func t ions  as s t r u c t u r a l  c a r r y  through 

f o r  these  su r faces  and stowage and support  f o r  t h e  4-wheel forward landing gear  

bogie. 

t h e  hydrogen tank vent  system plumbing and components, stowage of JP-4 f u e l  f o r  t h e  

a i rb rea th ing  engines,  and cryogenic p rope l l an t  stowage f o r  t h e  a t t i t u d e  con t ro l  

The remaining i n t e r t a n k  volume is  devoted t o  t h e  LOX sump and f e e d l i n e s ,  

propuls ion system. The forward o r b i t e r  support  and sepa ra t ion  a c t u a t o r  is  a l s o  

loca ted  here .  

The canard su r faces  conta in  5 a i rb rea th ing  engines on each s i d e ,  a con t ro l l a -  

b l e  t r a i l i n g  edge j e t  f l a p  s u r f a c e ,  and movable engine i n l e t  l i p s  which are 

closed and sea led  f o r  engine p ro tec t ion  during ascent  and reent ry .  The bottom sur-  

faces  of t hese  assemblies are completely removable f o r  engine access and replace- 

men t . 
Behind t h e  hydrogen tank an a f t  body/ thrust  s t r u c t u r e  performs mul t ip l e  func- 

t i o n s .  It suppor ts  t h e  main engines (12 a t  550,000 l b s  sea l e v e l  t h r u s t  each) ,  and 

a l s o  doubles as pad tie-down s t r u c t u r e  and a wing carry-through box. The lower 

forward p a r t  of t h i s  volume provides stowage and support  f o r  two main landing gear  

4-wheel bogies.  The remaining space i s  f i l l e d  wi th  a hydrogen tank sump, main 

engine f e e d l i n e s ,  3 a u x i l i a r y  power generat ion u n i t s  and power, propuls ion,  c o n t r o l  

and electrical system secondary runs. 

The wing and f i n  are of b a s i c a l l y  conventional cons t ruc t ion  except t h a t  t he  

wing main box i s  deeply notched a t  the  forward end t o  avoid t h e  LHz tank dome. The 

r e s u l t  i s  an abnormally l a r g e  leading  edge torque box. To minimize the  d e f l e c t i o n  

and a i d  i n  s e a l i n g  t h e  special  wing f a i r i n g  TPS, a t i e  l i n k  is  a t tached  t o  t h e  tank  

w a l l .  I n t e g r a l  tankage f o r  JP-4 f u e l  is  a l s o  provided i n  t h e  main box. 

The a f t  o r b i t e r  attachment l i n k s ,  f a l l i n g  i n  the  middle of t he  LH2 tank,  re- 

q u i r e  special reinforcement of t h e  tank s h e l l  and l a r g e  e x t e r n a l  load spreading 

f i t t i n g s  . 
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The e n t i r e  e x t e r i o r  s u r f a c e  i s  covered w i t h  a thermal p r o t e c t i o n  system 

employing Hardened Compacted F i b e r  (HCF) bonded t o  s t i f f  s u b s t r a t e  panels.  

5.1.2 S t r u c t u r a l  Technologies Summary and T e s t  Requirements - The purpose of 

t h i s  summary is  t o  coalesce b a s i c  phi losophies  and cri teria,  requirements and 

s e l e c t e d  approaches f o r  t h e  Space S h u t t l e  boos t e r  s t r u c t u r a l  adequacy v e r i f i c a t i o n  

tests. Emphasis has been placed upon i d e n t i f y i n g  those tests which are e s s e n t i a l  

t o  t h e  establ ishment  of f l ight-worthiness  of t h e  booster  airframe, e i t h e r  s i n g l y  o r  

mated, with t h e  o r b i t e r ,  

The phi losophies  and cr i ter ia  followed i n  t h e  i d e n t i f i c a t i o n  of t h e  s t r u c t u r a l  

test programs are as follows: 

( a S t r u c t u r a l  test  requirements are s e n s i t i v e  t o  s p e c i f i c  design,  t h e r e f o r e ,  

t h e  test program w i l l  address  t h e  MDC b a s e l i n e  vehicle - 

o Canard booster ,  see Figure 5.1-2 f o r  s t r u c t u r a l  arrangement 

(b ) V e r i f i c a t i o n  may b e  accomplished by va r ious  balances of assessment and 

test. Ana ly t i ca l  e f f o r t  w i l l  be  used as t h e  primary method of v e r i f i c a -  

t i o n  t o  minimize test a c t i v i t y .  

o A l l  p r e s su re  vessels w i l l  b e  proof p re s su re  t e s t e d  once during manu- 

f a c t  u r ing  

F a i l  s a f e  mode designs w i l l  b e  v e r i f i e d  a n a l y t i c a l l y  

Designs having a f a c t o r  of s a f e t y  of two.(2) o r  more w i l l  be  v e r i f i e d  

o 

o 

by assessment 

Safe  l i f e  designs w i l l  be v e r i f i e d  by assessment except f o r  Category 1 o 

s a f e  l i f e  designed s t r u c t u r e s  

( c  ) T e s t s  s h a l l  be  performed t o  demonstrate s t r u c t u r a l  adequacy only f o r  t h e  

one most c r i t i ca l  envelope der ived from cons ide ra t ion  of a l l  loading 

sources  and/or f l i g h t  phases. 
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(d  ) A l l  s t r u c t u r a l  v e r i f i c a t i o n  tests w i l l  be  performed on f u l l  scale f l i g h t -  

q u a l i t y  hardware. 

( e  ) Design development tests w i l l  be performed when necessary t o  provide 

a n a l y t i c a l  methodology a u t h e n t i c a t i o n ,  confirm f e a s i b i l i t y  o r  design 

advantage, o r  i d e n t i f y  f a i l u r e  modes. Max imum use  w i l l  be  made of develop- 

ment test d a t a  t o  minimize o r  e l imina te  v e r i f i c a t i o n  t e s t i n g .  

( f  ) Minimum amounts of hardware w i l l  b e  dedicated t o  test  use. 

( g  ) Maximum use w i l l  be  made of Phase B and support ing CRAD generated d a t a  t o  

obv ia t e  f u r t h e r  t e s t i n g ,  e .g . ,  Phase B Supplemental p r o p e l l a n t  tank cyl in-  

de r  test . 
Requirements t o  b e  p a r t i a l l y  f u l f i l l e d  by the  s t r u c t u r a l  test  program are shown i n  

Figure 5.1-3. 

With t h e  b a s i c  o b j e c t i v e  of test  program c o s t  e f f e c t i v e n e s s ,  test p l ans  are 

i n d i c a t e d  which are a l igned  t o  provide necessary test  d a t a  i n  consonance wi th  

program phasing and v e h i c l e  design s t a t u s  taking advantage of test  o b j e c t i v e  i n t e -  

g r a t i o n  and e x i s t i n g  test  f a c i l i t y  u t i l i z a t i o n .  Because t h e  s t r u c t u r a l  s e n s i t i v i -  

t ies  are t h e  dominant f a c t o r  i n  t h e  s e l e c t i o n  of d i s c r e t e  test hardware, t h e  s t ruc -  

t u r a l  test  programs provide a test hardware foundation f o r  t h e  development of test  

information f o r  o t h e r  than Design and Strength technologies.  It i s  t h e r e f o r e  

necessary t o  provide a comprehensive f u l f i l l m e n t  of test requirements while  provid- 

i n g  a test hardware base which is  adequately f l e x i b l e  t o  provide extended test 

d a t a  generat ion.  The approach t o  v e h i c l e  a i rworthiness  v e r i f i c a t i o n ,  i n  a d d i t i o n  

t o  normal manufacturing acceptance tests, i s  through a minimal s t r u c t u r a l  develop- 

ment test program and s t r u c t u r a l  v e r i f i c a t i o n  of t h e  a i r f r ame  using major s e c t i o n s .  

The s e l e c t i o n  of a i r f r ame  v e r i f i c a t i o n  test  s e c t i o n s  and t h e i r  conf igu ra t ion  i s  

based upon knowledge of  s t r u c t u r e  s t r e n g t h  and/or s t i f f n e s s  c r i t i ca l i t i es  i n  rela- 

t i o n s h i p  t o  a n t i c i p a t e d  loads and environments, confidence i n  a n a l y s i s ,  materials 
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TEST REQUIREMENTS 

The a i r f rame group systems s h a l l  
be v e r i f i e d  t o  be s t r u c t u r a l l y  
adequate and func t iona l ly  oper- 
a b l e  ( i f  appl icable)  while  sub- 
j e c t e d  t o  t h e  combinations of 
n a t u r a l  and induced environments, 
based on the  s t r u c t u r a l  design 
criteria, which e s t a b l i s h  the  
s t r u c t u r a l  design requirements 
of t h e  system. 

T e s t  articles s h a l l  be  s e l e c t e d  
and test  condi t ions  imposed which 
f u l f i l l  t h e  g r e a t e s t  range of 
t echn ica l  requirements using t h e  
minimum amount of test hardware. 
The s e n s i t i v i t i e s  of des ign ,  
s t r e n g t h ,  thermodynamics, s t ruc-  
t u r a l  dynamics, propuls ion and 
loads technologies  s h a l l  be in- 
t eg ra t ed  i n  de f in ing  the  test 
program, cons i s t en t  with e x i s t -  
ing  f a c i l i t i e s  c a p a b i l i t i e s .  

The s t r u c t u r a l  v e r i f i c a t i o n  test 
program s h a l l  be  scoped and pro- 
grammed t o  provide test d a t a  i n  
consonance wi th  program mile- 
s tones  while  using less than  an 
e n t i r e  a i r f rame f o r  dedicated 
s t r u c t u r a l  test purposes. 

The test program s h a l l  inc lude ,  
as app l i cab le ,  i n t eg ra t ed  methods 
of ob ta in ing  test d a t a  r e l a t e d  t o  
in f luence  c o e f f i c i e n t s ,  dynamic 
response,  ( low level modal 
response,  and POGO), s a f e  l i f e ,  
u l t ima te  s t r e n g t h ,  thermal e f f e c t s ,  
and v ibroeadous t ic  e f f e c t s .  

T e s t  hardware s h a l l  no t ,  i n  gene ra l ,  
be  t e s t e d  t o  f a i l u r e  t o  determine 
a design margin. 

JUSTIFICATION 

PART 111-5 
TEST 

Necessary t o  v e r i f y  adequacy of 
design. 

Necessary t o  economy of program. 

Necessary f o r  test  program economy. 

Necessary f o r  e f f i c i e n t  hardware. 

Necessary f o r  e f f e c t i v e  u t i l i z a t i o n  
of test hardware. 

FIGURE 5.1-3 
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TEST REQUIREMENTS JUSTIFICATION 

(6) The energy absorp t ion  character-  Necessary t o  v e r i f y  landing gear  
i s t ics  of t h e  landing gear  sys- system compat ib i l i ty .  
tems s h a l l  be e s t ab l i shed  and 
t h e i r  u l t ima te  s t r e n g t h  v e r i f i e d .  
Environmental synergisms r e l a t e d  
t o  hea t ing  and exposure t o  re- 
duced atmospheric p re s su re  s h a l l  
be considered i n  e s t a b l i s h i n g  
test condi t ions.  

(7) Vehicle dece le ra t ion  devices  
s h a l l  be  t e s t e d  t o  v e r i f y  de- 
ployment, response,  and adequacy 
under induced loads.  

Necessary t o  sub s t a n t i a t e  design. 

(8) The TPS s h a l l  b e  t e s t e d  t o  Necessary t o  s u b s t a n t i a t e  TPS 
design. v e r i f y  adequacy f o r  n a t u r a l  and 

induced environment design re- 
quirements. Spec ia l  a t t e n t i o n  
s h a l l  be given t o  panel dynamics 
( inc luding  acous t i c  response) ,  
h e a t  t r a n s f e r ,  and t h e  syner- 
g i s t i c  e f f e c t s  of combined en- 
vironments which may preclude 
d i s s o c i a t i o n  of test environ- 
ments. 

(9) TPS designs of material appl ica-  Duplication of test el iminated f o r  
t i o n s  t h a t  are adequately similar economy. 
between boos ter  and o r b i t e r  veh ic l e s  
s h a l l  be t e s t e d  only ro t h e  most 
cr i t ical  environments of e i t h e r  
vehic le .  

FIGURE 5.1-3 (Cont.) 
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used, s a f e t y  f a c t o r s ,  similarities t o  previous s t r u c t u r a l  app l i ca t ions ,  c r i t i c a l i t y  

c l a s s i f i c a t i o n ,  and manufacturing approaches. The Booster a i r f rame design/s  t r eng th  

s t r u c t u r a l  t e a t  flow is Shown i n  Figure T e s t  d e s c r i p t i o n s  may be found 

i n  t h e  referenced test p l an  sec t ions .  

5.1-4. 

The Materials and Processes  t e s t i n g  w i l l  provide s t r u c t u r a l  design d a t a  f o r  

materials o r  processes  under new app l i ca t ion  o r  those p rope r t i e s  not  adequately 

documented. 

S t r u c t u r a l  development tests are required f o r  certain unprecedented designs 

and/or those designs f o r  which a n a l y t i c a l  methods are empir ica l  i n  na tu re  and t h e  

v a l i d i t y  of t he  a n a l y s i s  r equ i r e s  au thent ica t ion .  These tests w i l l  be performed 

e a r l y  i n  t h e  program t o  e s t a b l i s h  a f e a s i b i l e  design base which has been demon- 

s t r a t e d  ( e i t h e r  a n a l y t i c a l l y  o r  by test) t o  be t h e  most advantageous design by 

v i r t u e  of weight, s t r e n g t h ,  c o s t ,  manufacturabi l i ty ,  etc. The development tests 

d a t a  w i l l  be used wherever poss ib l e  t o  reduce o r  even eliminate v e r i f i c a t i o n  test- 

i n g  by v i r t u e  of c o r r e l a t i v e  ana lys i s .  

The v e r i f i c a t i o n  of t h e  a i r f rame by t e s t i n g  of the major s ec t ions  ind ica ted  

w a s  r a t i o n a l i z e d  from t h e  predominant l o c a l  design s e n s i t i v i t i e s  w i th in  t h e  base l ine  

vehic les .  

For test implementation t h e  test s e c t i o n  boundary condi t ions  w i l l  be i d e n t i f i e d  

and t h e  necessary boundary support  test s t r u c t u r e  w i l l  be designed and f ab r i ca t ed .  

To minimize s p e c i a l  boundary condi t ion  s imula t ion ,  compa t ib i l i t y  tests w i l l  be per- 

formed a t  t h e  next  level of assembly whenever poss ib le .  The Major S t r u c t u r a l  tests 

i d e n t i f i e d  w i l l  provide assurance t h a t  t h e  designed s t r u c t u r e s  w i l l  s u i t a b l y  s u s t a i n  

t h e i r  most cr i t ical  mission o r  ope ra t iona l  loads and t h a t  t h e  app l i cab le  des ign  

criteria have been m e t .  

B5.1-9 
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Prior to first vehicle flight the airframe will be subjected to static struc- 

tural loads (not exceeding design or proof loads) to provide calibration of flight 

test instrumentation. 

The flight test program will demonstrate the structural adequacy of the air- 

frame through the measurement and correlation of flight induced loads and struc- 

tural responses. Functional compatibility of airframe sections (control surfaces, 

doors, landing gear, etc.) will be flight demonstrated during the normal course of 

the flight test program. 

The Airframe structural tests described will provide necessary design feasi- 

bility assurance, analytical methods substantiation and improvement, and physical 

demonstrations of the adequacy of the airframe to sustain its most critical loading 

conditions. 

gives program flexibility, enables extensive use of existing test facilities, and 

provides an acceptable hardware base for thermodynamic and structural dynamics 

The approach provides for local criticality adequacy demonstration, 

testing. 

5.1.3 Materials/Processes Technology Test Summary and Test Requirements - 
The objective of the materials/processes technology is to provide essential 

material characteristics and design properties data to the vehicle development 

technologies. 

The philosophies applied in establishing materials/processes testing are as 

follows : 

(a) Maximum use shall be made of existing capabilities and techniques 

to preclude basic materials/processing development. 

Tests will be performed in accordance with standard test methods where 

they exist, e.g., ASTM, MIL-STD, MSFC-STD. 

Close scrutiny of supporting technology programs will be maintained and 

their results applicability will be assessedc 

(b) 

(c) 
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(d) Tes t ing  w i l l  be  performed as requi red  t o  s t a t i s t i c a l l y  f i l l  technical 

d a t a  voids .  Adequate d a t a  range over lap  w i l l  b e  provided t o  substan- 

t ia te  t h e  use  of e x i s t i n g  d a t a  and the  c o r r e l a t i o n  of new da ta .  

The material a p p l i c a t i o n  d a t a  requirements of t h e  var ious  technologies  

w i l l  b e  coalesced t o  e s t a b l i s h  t e s t i n g  programs which w i l l  genera te  

t h e  requi red  d a t a  without  extraneous o r  overlapping test e f f o r t s .  

(e) 

The ma te r i a l s /p rocesses  requirements  t o  be p a r t i a l l y  f u l f i l l e d  by tests are shown 

i n  Figure 5.1-5. 

The approach t o  ma te r i a l s /p rocesses  d a t a  a c q u i s i t i o n  i s ,  i n  order  of appl ica-  

t i o n ,  by research  and assessment of a l ready  documented r e s u l t s ;  eva lua t ion  of in-  

process  o r  planned suppor t ing  technology e f f o r t s  t o  determine the  a p p l i c a b i l i t y  

of t he  e f f o r t  and/or submit recommended changes t o  the  e f f o r t ;  performing 

l abora to ry  tests t o  genera te  t h e  da ta .  I n i t i a l  materials and processes  tests w i l l  

be  deve lopment . tes t s  by v i r t u e  of t h e i r  ob jec t ives  of acqui r ing  new d a t a  and 

v e r i f i c a t i o n  of processes  i n  the  support  of v e h i c l e  des ign  and development. 

Materials and processes  acceptance tests w i l l  be  performed r o u t i n e l y  as a q u a l i t y  

c o n t r o l  procedure throughout t he  hardware f a b r i c a t i o n  e f f o r t .  

The +e r i a l s /p roeesses  development test program cons ide ra t ions ,  r e l a t i o n s h i p s  

and requi red  materials tests i d e n t i f i e d  are r e f l e c t e d  i n  Figure 5.1-6. T e s t  

d e s c r i p t i o n s  may be  found i n  t h e  re ferenced  test  p lan  s e c t i o n s .  

w i l l  fol low a continuous and o rde r ly  assessment of materials and processes  con- 

s i d e r e d  f o r  a p p l i c a t i o n  by t h e  var ious  technologies  i n  the des ign  of t h e  v e h i c l e  

systems. 

The review process  

These ma te r i a l s /p rocesses  w i l l  be  d i s c r e e t l y  reviewed f o r  assurance that 

t h e  b e s t  o r  optimum a p p l i c a t i o n  has  been s p e c i f i e d  i n  t h e  system designs.  This  

review w i l l  a l s o  determine t h a t  adequate information is  a v a i l a b l e  o r  pending t o  

a l low r e l i a b l e  des ign  a p p l i c a t i o n  o r  t h a t  i t  is  necessary t o  perform s e l e c t i v e  

85.1-12 



Space Shuttle Program - Phase B Final Report MDC E0308 
30 Ium J n z  PROGRAM ACQUISITION PLANS 

PART ///-5 
rEsr 

tests t o  e s t a b l i s h  design app l i ca t ion  da ta .  The s p e c i f i c  test requirements 

recogni t ion  follows c lose ly  wi th  s p e c i f i c  d e t a i l  designs wherein p a r t i c u l a r  

environments and design complexi t ies  a r e  recognized and weighed aga ins t  a v a i l a b l e  

knowledge. It i s  thus impossible t o  q u a n t i t a t i v e l y  i d e n t i f y  a l l  of t h e  s p e c i f i c  

mater ia le /procesaes  test requirements i n  advance of d e t a i l .  design e f f o r t .  

However, beginning wi th  t h e  s tar t  of 

d a t a  requirements w i l l  be i d e n t i f i e d  

a f i rm foundation upon which t o  base  

genera l ly  w i l l  b e  prescr ibed t o  f i l l  

d e t a i l  design i n  Phase C y  a d d i t i o n a l  test 

and tests w i l l  be implemented t o  e s t a b l i s h  

the  f i n a l  veh ic l e  systems designs.  Tests 

c r i t i c a l  open matr ix  pos i t i ons  i n  a hypothet i -  

cal multidimensional materials/processes/properties - d a t a  s t a t u s  matrix wi th  

parameters as considered i n  Figure 5.1-6. 

Most of t he  materials tests w i l l  be of t h e  coupon type and test implementa- 

t i o n  w i l l  be poss ib l e  i n  many e x i s t i n g  materials l abora to r i e s .  The approach t o  

test s i te  s e l e c t i o n  f o r  rudimentary materials tests w i l l  be t o  select a capable  

labora tory  wi th in  t h e  con t r ac to r ' s  f a c i l i t i e s  near t h e  da t a  r e q u i s i t i o n i n g  

technology. Exis t ing  NASA Laborator ies  c a p a b i l i t i e s  w i l l  be considered i n  l i e u  

of major con t r ac to r  f a c i l i t y  cons t ruc t ion  o r  modi f ica t ion  i f  con t r ac to r  c a p a b i l i t i e s  

do no t  exist. 

The eva lua t ion  of processes  must be c lose ly  al igned wi th  t h e  process appl i -  

c a t i o n  s i te  plans and t h e  technologies  proposing process  u t i l i z a t i o n .  Therefore,  

con t r ac to r  test l a b o r a t o r i e s  w i l l  be  considered as t h e  primary source  of process  

t e s t i n g  and p i l o t  processing evaluat ion.  The processing scale up o r  es tabl ishment  

of production processing systems w i l l  then n a t u r a l l y  fol low through t o  t h e  produc- 

t i o n  process  c e r t i f i c a t i o n  and the  establ ishment  

acceptance test procedures. 

of process  q u a l i t y  s tandards  and 
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MATERI&S/PROCESSES REQUIREMENTS 

TEST REQUIREMENTS JUSTIFICATION 

(1) The combined s to rage  and service 
l i f e  t i m e  of t h e  veh ic l e s  is t o  
be t e n  (10) yea r s  wi th  a t  least 
100 missions c a p a b i l i t y  fol lowing 
a c o s t  e f f e c t i v e  refurbishment and 
maintenance program. 

Where new materials o r  e x i s t i n g  
materials under new condi t ions  
are t o  be used, adequate t e s t i n g  s t r u c t u r e s .  
s h a l l  be  performed t o  s t a t i s t i c a l l y  
i d e n t i f y  material property values .  

A Level I imposed requirement. 

(2) To provide design information t o  
assist at ta inment  of minimum weight 

(3) Where commonality e x i s t s  between Provides c o s t  e f f ec t iveness  through 
Booster and Orb i t e r  materials/ 
processes  a p p l i c a t i o n s ,  test redundant t e s t i n g .  
programs s h a l l  b e  scoped t o  
encompass t h e  most severe appl i -  
c a t i o n  assessment. 

commonality and e l imina t ion  of 

FIGURE 5.1-5 

5.1.4 S t r u c t u r a l  Dynamics Technology T e s t  Summary and T e s t  Requirements - 
The p r i n c i p a l  phi losophies  appl ied f o r  s t r u c t u r a l  dynamics t e s t i n g  are as follows: 

(a) The primary method of s t r u c t u r a l  dynamics v e r i f i c a t i o n  w i l l  be  by 

ana lys i s .  

Dynamics Models w i l l  be  used t o  enhance a n a l y t i c a l  approaches during 

v e h i c l e  development. 

(b) 

(c )  Minimal hardware w i l l  be  dedicated t o  s t r u c t u r a l  dynamics t e s t i n g  and 

a s t r u c t u r a l  dynaunics test a i r f rame w i l l  no t  b e  requi red  as adequate d a t a  

can be obtained from model, s e c t i o n ,  and nondes t ruc t ive  f l i g h t  v e h i c l e  

tests. 

The s t r u c t u r a l  dynamics tests which are performed (o ther  than  a s soc ia t ed  

wi th  s a f e  l i f e )  w i l l  be  nondes t ruc t ive  and w i l l  b e  i n t e g r a b l e  wi th  o the r  

test program requirements t o  t h e  g r e a t e s t  extent poss ib le .  

(d) 

85.1 - 1 4 
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The baa ic  s t r u c t u r a l  dynamics requirements t o  b e  p a r t i a l l y  f u l f i l l e d  by testa  are 

shown i n  Figure 5.1-7. 

The approach t o  s t r u c t u r a l  dynamics v e r i f i c a t i o n  is through ana lyses  sub- 

s t a n t i a t e d  by test. 

on a continuous b a s i s .  

assurance t h a t  t h e  a n a l y t i c a l  r e s u l t s  are accura t e  desc r ip t ions  of v e h i c l e  

c h a r a c t e r i s t i c s  and s t a b i l i t y  margins. 

Corre la t ion  of a n a l y t i c a l  and experimental  d a t a  w i l l  b e  done 

The r e s u l t s  of t hese  ana lyses  w i l 1 , b e  u t i l i z e d  to  provide 

Tests w i l l  be  performed t o  support  dynamics ana lyses  f o r  a l l  phases of ind i -  

v idua l  and mated v e h i c l e  operat ions.  These inc lude  prelaunch, a scen t ,  separa t ion ,  

pos t en t ry ,  h o r i z o n t a l  f l i g h t  and l and ing / t ax i  phases. 

i t  is  a pol icy  t h a t  test requirements are in t eg ra t ed  i f  poss ib l e  so t h a t  maximum 

b e n e f i t  is  obtained from each test. 

tests, maximum use of test hardware and experimental  systems ind ica t ed  t o  be  re- 

In  performing t h e  tests, 

Consequently, i n  planning s t r u c t u r a l  dynamic 

quired by o the r  technologies  is  emphasized. 

The s t r u c t u r a l  dynamics d a t a  w i l l  be obtained from ground test  e f f o r t s ,  con- 

ducted t o  supply d a t a  f o r  t h e  establ ishment  o r  confirmation of a n a l y t i c a l  s o l u t i o n s  

of v e h i c l e  dynamics, followed by f l i g h t  t e s t i n g  wherein ho r i zon ta l  and v e r t i c a l  

f l i g h t  are demonstrated. The s t r u c t u r a l  dynamics test requirements w i l l  b e  m e t  by 

a program a l igned  t o  provide necessary test da ta  i n  consonance wi th  program phasing 

and v e h i c l e  design s t a t u s  tak ing  advantage of i n t e g r a t e d  test activit ies t o  minimize 

program c o s t s  and maximize test hardware u t i l i z a t i o n .  The s t r u c t u r a l  dynamics pro- 

grammatic test flow is shown summarily i n  Figure- 5.1-8 and the- referenced test . 

p lan  s e c t i o n s  should b e  consul ted f o r  f u r t h e r  desc r ip t ions  of t h e  i d e n t i f i e d  tests. 

The wind tunnel  test programs w i l l  provide b a s i c  design dynamic environment 

This information is fundamental da t a  and modeled v e h i c l e  response d a t a  outputs .  

t o  t he  establ ishment  of s t r u c t u r a l  designs which proper ly  consider  t h e  dynamics 
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of ground wind, and flight phase environments with primary emphasis on flutter, 

transonic buffet, and separation dynamics. Ground tests using dynamic models will 

be performed to enhance analytical techniques, identify critical design parameters 

and/or provide characterizations of vehicle or vehicle component dynamics. 

fidelity of the models will be consistent with cost effectiveness and will include 

details necessary to provide essential information. 

upon rational structural scaling and compatibility with existing test facility 

The 

Model scales will be based 

capabilities. 

Structural dynamics considerations and requirements will be incorporated into 

the development and verification tests of vehicle subsystems. 

characteristics will conversely be incorporated into dynamics analyses. Functional 

component environmental qualification requirements will be realistically and 

Sub tem response 

iteratively evaluated for compatibility with expected use. 

The structural adequacy of the vehicles will be demonstrated by the testing 

of major structural sections. 

ics analyses will be closely coordinated with the structural analyses models. 

need for structural dynamics data will be fulfilled by integrating structural dynam- 

ics requirements into the airframe major section tests. Influence coefficient 

data and/or low level modal response data will be obtained from the major section 

test articles. In addition, acoustic environment safe life sensitive components 

will be evaluated as well as vibro-acoustic transfer function assessments of the 

crew compartment. 

dynamics, a single plane mass-inertia model will be used to perform separation 

Consistent with this approach, the structural dynam- 

The 

As a final verification of vehicle separation functionality and 

demonstrations. 

As a final phase of propulsion system verification, a Propulsion System 

Integration test unit of each vehicle will be assembled. These units will be com- 

85.1-17 
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p r i s e d  of f l i g h t  des t ined  fuse l age  s e c t i o n s  with f u e l  de l ive ry  and c o n t r o l  systems, 

tankage, t h r u s t  s t r u c t u r e ,  engines ,  and TPS incorporated.  

on a launch pad and cold flow and h o t  f i r e  engine i n t e g r a t i o n  tests performed. 

a culmination of b a s i c  engine and f u e l  system component v e r i f i c a t i o n  tests, wherein 

dynamic coupling cha rac t e r i za t ion  d a t a  w i l l  b e  obtained a t  . the component level, 

t h e  Propuls ion System I n t e g r a t i o n  test u n i t s  w i l l  provide test articles which w i l l  

be  used t o  ob ta in  l o c a l  s t r u c t u r a l  modes, f l u i d - s t r u c t u r e  coupling; subsystem acous- 

t i c  environments v e r i f i c a t i o n  and t h r u s t  s t r u c t u r e  vibro-acoust ic  v e r i f i c a t i o n  i n  

conjunct ion wi th  t h e  propuls ion systems tests. 

The u n i t s  w i l l  be  e rec t ed  

As 

P r i o r  t o  f i r s t  ho r i zon ta l  f l i g h t  t h e  sepa ra t e  veh ic l e s  w i l l  be subjec ted  t o  

nondestruct ive ground v i b r a t i o n  tests i n  t h e  h o r i z o n t a l  a t t i t u d e  t o  provide a f i n a l  

check on v e h i c l e  mode shapes and f requencies  used i n  f l u t t e r  s t a b i l i t y  analyses .  

P r i o r  t o  f i r s t  vertical mated f l i g h t  t h e  mated veh ic l e s  w i l l  be  subjec ted  t o  a non- 

d e s t r u c t i v e  h o r i z o n t a l  ground v i b r a t i o n  test t o  provide f i n a l  checks on mated 

veh ic l e  mode shapes and frequencies  used i n  f l u t t e r  and POGO s t a b i l i t y  analyses .  

The f l i g h t  test program w i l l  pass ive ly  demonstrate f l u t t e r  and POGO s t a b i l i t y ,  

w i l l  v e r i f y  crew and subsystem environmental c o m p a t i b i l i t i e s ,  and w i l l  provide 

d a t a  wlzlch may be  used t o  f u r t h e r  s u b s t a n t i a t e  a n a l y t i c a l l y  def ined  s t a b i l i t y  

margins. 

e i t h e r  t h e  vertical o r  h o r i z o n t a l  f l i g h t  test  programs. 

F l u t t e r  w i l l  no t  b e  i n t e n t i o n a l l y  i n i t i a t e d  by e x c i t e r  mechanisms during 

"The s t r u c t u r a l  dynamics test program as descr ibed w i l l  provide t h e  necessary 

design information,  a n a l y t i c a l  c o r r e l a t i o n s ,  and phys ica l  v e r i f i c a t i o n s  t o  provide 

a high confidence t h a t  v e h i c l e  dynamic requirements are m e t .  

maximum use of t echn ica l  and test hardware i n t e g r a t i o n  t o  provide a l o w  r i s k  - low 

test dedicated c o s t  program. 

The approach makes 

85.1-ia 
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1. The sepa ra t ion  system s h a l l  be  ver i -  
f i e d  t o  be func t iona l ly  operable  
whi le  subjec ted  t o  t h e  combinations 
of n a t u r a l  and induced environments, 
based on t h e  s t r u c t u r a l  des ign  cri- 
teria,  which uniquely e s t a b l i s h  t h e  
s t r u c t u r a l  design requirements and 
be  capable of  s u s t a i n i n g  loads  and 
environments i n  combination through- 
ou t  i t s  design l i f e .  

2. The f l u c t u a t i n g  p res su re  loads and 
d i s t r i b u t i o n s ,  aerodynamic c o n t r o l  
s u r f a c e  loadings and f l u t t e r  bounda- 
ries s h a l l  be determined f o r  t h e  
mated veh ic l e s  f o r  ascent  through 
s tag ing .  The ind iv idua l  veh ic l e s  
pos ten t ry  f l i g h t  condi t ion o f  t ran-  
s o n i c  b u f f e t  and f l u t t e r  boundaries 
s h a l l  be determined. 

3. Tests s h a l l  be  performed on compo- 
nents ,  models, and/or assembled 
vehic les  t o  provide d a t a  f o r  t h e  
enhancement of a n a l y t i c a l  models 
used t o  develop a high confidence 
t h a t  o s c i l l a t o r y  and nonosc i l l a to ry  
i n s t a b i l i t i e s  o r  excessive dynamic 
response w i l l  not occur a t  any point  
along t h e  design ope ra t iona l  p r o f i l e  
which could r e s u l t  i n  s t r u c t u r a l  
f a i l u r e ,  endanger t h e  crew and/or  
passengers ,  o r  jeopard ize  t h e  mis- 
s i o n  ob jec t ives .  

PART 111-5 
T E s r  

JUST1 F I  CAT ION 

The v e h i c l e  separa t ion  funct ion must 
be v e r i f i e d  t o  be  of  low r i s k .  

T e s t s  necessary t o  e s t a b l i s h  design 
environments and s u b s t a n t i a t e  ade- 
quate  s t a b i l i t y  margins e x i s t  i n  t h e  
veh ic l e  designs.  

T e s t s  are requi red  t o  de f ine  environ- 
ment c r i t i c a l i t i e s  and c o r r e l a t e  hard- 
ware c h a r a c t e r i s t i c s  wi th  pred ic ted  
va lues  used i n  t h e  dynamics a n a l y t i c a l  
models. S p e c i f i c a l l y  r e l a t e d  t o  t h e  
dynamics a n a l y s i s  of t h e  complete 
veh ic l e  assemblies  i n  t h e  ind iv idua l  
and mated v e h i c l e  conf igura t ions .  

FIGURE 5.1-7 

5.1.5 Thermodynamics Technology T e s t  Summary and T e s t  Requirements - The 

phi losophies  appl ied  i n  r e l a t i o n  t o  thermodynamics t e s t i n g  are as fol lows:  

(a )  Thermal environment p red ic t ion  w i l l  be by combinations of ana lys i s  and 

test. 

t e s t i n g  w i l l  be  implemented only t o  extend a n a l y t i c a l  c a p a b i l i t i e s  o r  

Analysis w i l l  be fundamental t o  t h e  c l a s s i c  problem s o l u t i o n s  and 

assess unconventional s e n s i t i v i t i e s .  

85.1-19 
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(b) Thermal / s t ruc tura l  i n t e r r e l a t i o n s h i p s  can b e  adequately assessed by 

ana lys i s  supported by element tests. 

Minimal hardware w i l l  be dedicated t o  thermal t e s t i n g  and a thermal (c) 

(or  thermal-vacuum) test a i r f rame w i l l  no t  be  required.  

(d) Simulated thermal environment tests inc lude  compromises which must be 

weighed i n t o  t h e  test va lue  determinations.  

The primary thermodynamics requirements t o  be  p a r t i a l l y  f u l f i l l e d  by tests are 

shown i n  Figure 5.1-9. 

The approach t o  thermodynamics v e r i f i c a t i o n  is t o  e s t a b l i s h  a h igh  confidence 

l e v e l  i n  thermal environment p red ic t ions  through ana lys i s  (both by empir ica l  and 

s i m i l i t u d e  methods) combined wi th  wind tunnel  tests and thermal  c o n t r o l  system 

adequacy assessments by ana lys i s  and demonstration tests performed on elements o r  

s ec t ions .  

Tests w i l l  b e  conducted as necessary t o  support  thermodynamics analyses  f o r  

all s e n s i t i v e  veh ic l e  ope ra t iona l  phases. These inc lude  pre-launch, launch, ascent ,  

separa t ion ,  space environment, en t ry ,  ho r i zon ta l  f l i g h t  and pos t  f l i g h t .  In test 

implementation t h e  thermodynamics test requirements are i n t e g r a t e d  wi th  those  of 

o t h e r  technologies  where poss ib l e  s o  t h a t  maximum value  is obtained from each test .  

Consequently, i n  planning thermal tests, use of test hardware and experimental  

systems ind ica t ed  t o  be  required by o the r  technologies  is emphasized. 

Thermodynamics test d a t a  w i l l  be obtained from ground development test e f f o r t s  

conducted t o  def ine  environmental levels and design thermodynamic p rope r t i e s ,  

ground v e r i f i c a t i o n  tests conducted t o  s u b s t a n t i a t e  t h e  adequacies of t h e  thermal 

con t ro l  systems, and f l i g h t  demonstration tests t o  f i n a l l y  au then t i ca t e  design 

environments and thermal c o n t r o l  system adequacies. 

v i d e  necessary d a t a  i n  consonance wi th  program phasing and veh ic l e  design s t a t u s  

T e s t s  w i l l  be  ordered t o  pro- 

whi le  being i n t e g r a t e d  i n t o  the  i n d i v i d u a l - t e s t  flows s o  as t o  no t  j eopa rd ize  t h e  

65.1-21 
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(1) Data and r e l a t e d  information s h a l l  
b e  acquired from wind tunne l  tests 
of appropr ia te ly  designed subsca le  
models of the  o r b i t e r  and boos ter  
mated i n  the  a scen t  conf igura t ion  
o r  i n  the  immediate proximity one 
t o  t h e  o t h e r ,  o r  t h e  assembly t o  
t h e  ground p lane ,  such t h a t  t h e  
flow f i e l d  of e i t h e r  vehic le  i s  
inf luenced by t h a t  of t he  o ther .  
Simulated flow condi t ions , wi th in  
t h e  p r a c t i c a l  l i m i t a t i o n s  of e x i s t -  
i n g  f a c i l i t i e s ,  w i l l  inc lude  the 
Mach and Reynolds number ranges 
assoc ia ted  wi th  ascent  and separa- 
t i o n ,  veh ic l e  a t t i t u d e s ,  and aero- 
dynamic con t ro l  su r f ace  pos i t i ons .  
The tests w i l l  acqui re  the  follow- 
ing  information: 

(a)  Induced o r b i t e r  plume i m -  
pingement upon the  boos te r  
during both normal and abor t  
s epa ra t ion  . 

(b) Aerodynamic h e a t i n g  of t h e  
launch conf igura t ion  includ-  
i n g  t h a t  induced by engines 
operat ion.  

(2) Aerodynamic h e a t i n g  of t h e  veh ic l e  
f o r  condi t ions of e n t r y ,  inc luding  
assessment of h e a t  t r a n s f e r  t o  the  
base  region and main engine nozzles  
and h e a t i n g  of l oca l i zed  d e t a i l s  
such as windshield,  l ead ing  edges,  
f i l l e t s ,  and TPS protuberances and 
gaps s h a l l  be  determined. 

(3)  The airframe group systems s h a l l  
be v e r i f i e d  t o  be  s t r u c t u r a l l y  
adequate and funct$onally operable 
( i f  appl icable)  whi le  sub jec t ed  
t o  t h e  combinations of n a t u r a l  and 
induced thermal environments, 
based on the  s t r u c t u r a l  design 

JUSTIFICATION 

Required f o r  : 

PART 111-5 
TEST 

Ascent t r a j e c t o r y  ana lyses ,  s t a b i l i t y  
and con t ro l  analyses ,  abor t  analyses ,  
loads analyses ,  and f l i g h t  performance 
p red ic t ions .  

Thermal environment d e f i n i t i o n  and TPS 
and base h e a t s h i e l d  design. 

Thermal environment d e f t p i t i o n  and 
TPS design. 

Necessary t o  v e r i f y  adequacy of 
design. 

FlGU RE 5.1-9 

B5.1-22 
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c r i t e r i a ,  which e s t a b l i s h  t h e  
s t r u c t u r a l  design requirements of 
the  system. 

PART 111-5 
TEST 

Environmental synergisms r e l a t e d  t o  Necessary t o  v e r i f y  landing gear sys- 
hea t ing  and exposure t o  reduced at- 
mospheric p re s su re  s h a l l  be  consid- 
ered i n  e s t a b l i s h i n g  test condi t ions 
on landing gear. 

t e m  compat ib i l i ty  wi th  design. 

The TPS s h a l l  be t e s t e d  t o  v e r i f y  Necessary t o  s u b s t a n t i a t e  TPS design. 
adequacy f o r  n a t u r a l  and induced 
environment d e s i  gn requirements 
Spec ia l  a t t e n t i o n  s h a l l  be  given 
t o  panel  dynamics ( inc luding  acous- 
t i c  response) ,  h e a t  t r a n s f e r ,  and 
the  s y n e r g i s t i c  e f f e c t s  of combined 
environments which may preclude 
d i s s o c i a t i o n  of test environments. 

TPS designs of material appl ica-  
t i ons  t h a t  are adequately similar 
between boos ter  and o r b i t e r  vehi- 
cles s h a l l  be  t e s t e d  only as appl i -  
cab le  t o  the  most cr i t ical  
environments. 

Duplication of test e l imina ted  f o r  
economy. 

Verify the  a b i l i t y  of t h e  environ- 
mental c o n t r o l  systems t o  satis- v e r i f i c a t i o n  o r  design, thereby re- 
fac to  r i  l y  maintain the  pe r s  onne 1 
compartment(s) , equipment bays,  and 
o t h e r  conditioned areas a t  design 
condi t ions f o r  temperature,  pres- 
s u r e ,  gas mixture conten t ,  humid- 
i t y .  and atmosphere pu r i ty .  

Required f o r  e a r l y  development and 

ducing program r i s k  or  c o s t l y  design 
changes dur ing  the  f l i g h t  test program. 

85-1-23 
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v a l i d i t y  of subsequent t e s t i n g .  

summarily i n  Figure 5.1-10 

s u l t e d  f o r  f u r t h e r  d e s c r i p t i o n s  of t h e  i d e n t i f i e d  tests. 

The thermodynamics programmatic test flow is shown 

and the referenced test p lan  sec t ions  should be  con- 

. 

The i n i t i a l  wind tunnel  test programs w i l l  provide e x t e r n a l  thermal load 

q u a n t i f i c a t i o n  and d i s t r i b u t i o n  da ta .  

of t h e  thermal p r o t e c t i o n  system wi th  respec t  t o  maximum hea t ing  rates and t o t a l  

h e a t  loads  as they impact t h e  TPS materials app l i ca t ions  and weights. H e a t  t r a n s f e r  

and flow v i s u a l i z a t i o n  tests will b e  performed t o  enhance analyses  t o  he lp  assess 

t h e  thermodynamic requirements of t h e  thermal p ro tec t ion  system. Localized sens i -  

t iv i t ies  w i l l  be  evaluated by l a r g e r  models o r  s p e c i a l  cons idera t ion  of t hese  areas 

t o  f u r t h e r  r e f i n e  thermodynamic requirements o r  cons t r a in t s .  

This information i s  e s s e n t i a l  t o  t h e  design 

These tests w i l l  en- 

compass eva lua t ions  of veh ic l e  base  hea t ing  e f f e c t s ,  propuls ion exhaust e f f e c t s  

(ACPS, Airbreathing engines) ,  TPS panel  flow leakage, s e n s i t i v e  mold l i n e  inter- 

s e c t i o n s  o r  d i s c o n t i n u i t i e s ,  e t c .  Wind tunnel  model scales w i l l  be  s e l e c t e d  on a 

f i d e l i t y / c o s t / f a c i l i t y  capab i l i t y /mul t ip l e  use p o t e n t i a l  b a s i s  t o  he lp  minimize the 

cos t  of t h e  wind tunnel  program. 

The developed thermodynamic environments w i l l  be  extended t o  de f ine  t h e  thermo- 

dynamic environmental q u a l i f i c a t i o n  requirements for t h e  subsystem func t iona l  com- 

ponents. 

s u b s t a n t i a t e  t h e  system generated hea t  l oads  and thermal balance compa t ib i l i t i e s .  

Thermal balance t e s t i n g  w i l l  be implemented on a component l e v e l  t o  disseminate  

t e s t i n g  t o  e x i s t i n g  test f a c i l i t i e s .  

The development t e s t i n g  of t h e  func t iona l  subsystems w i l l  conversely 

The Airframe group tests w i l l  be  a l igned  t o  incorpora te  thermal development 

and adequacy v e r i f i c a t i o n  requirements. The s t r u c t u r a l  adequacy of  t h e  veh ic l e s  

w i l l  be demonstrated by t h e  ground t e s t i n g  of major s t r u c t u r a l  s e c t i o n s  and t h e  

assembled airframes.  Consis tent  wi th  t h i s  approach and t h e  s t a t e d  thermal test 

phi losophies ,  thermal environments w i l l  be imposed only f o r  those  tests wherein 

B5.1.-24 
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t h e  e f f e c t s  of  temperature o r  temperature g rad ien t s  cannot b e  s u i t a b l y  compensated 

f o r  a n a l y t i c a l l y  o r  by test loads  adjustment. 

and is "sized" f o r  l o c a l  hea t  loads ,  t h e  v e r i f i c a t i o n  t e s t i n g  of  the TPS w i l l  a l s o  

be  modularized t o  demonstrate the thermal-structural adequacy and/or r e u s a b i l i t y  of 

t h e  var ious  designs. 

which w i l l  encompass design range app l i ca t ion  of thermal,  s t r u c t u r a l ,  and s t r u c t u r a l  

dynamics ( f l u t t e r / a c o u s t i c s )  loads  f o r  s a f e - l i f e  r e u s a b i l i t y  and/or ultimate loads .  

It is a n t i c i p a t e d  t h a t  t h e  TPS element t e s t i n g  w i l l  involve  about 20 percent  of t h e  

t o t a l  system wi th  t h e  major i ty  of  t h e  tests being assoc ia ted  d i r e c t l y  wi th  l o c a l  

considerat ions such as pene t r a t ions ,  j o i n t s ,  mold l i n e  i n t e r s e c t i o n s ,  e t c .  The 

scope of  each of t hese  tests.is l o c a l  design conf igura t ion  s e n s i t i v e  and is, there- 

f o r e ,  s u b j e c t  t o  l i m i t e d  d e f i n i t i o n  wi th in  t h e  Phase B program depth. 

Because t h e  TPS is modular i n  des ign  

This  t e s t i n g  is  thus broken down i n t o  element eva lua t ions  

The propuls ion system component tests w i l l  v e r i f y  hea t  balance adequacies of 

t h e  secondary rocket propuls ion sys  t e m s .  

tests t h e  thermal compat ib i l i ty  of t h e  system's elements w i l l  b e  v e r i f i e d  and t h e  

adequacy of  t h e  p rope l l an t  tank ex te rna l  purge system w i l l  be demonstrated. 

During i n t e g r a t e d  main -propuls ion system 

During 

main engine f i r i n g  t h e  vibro-acoustic adequacy of t h e  base  hea t ing  TPS w i l l  be  

demonstrated. 

engine and a u x i l i a r y  power u n i t s  w i l l  be s u b s t a n t i a t e d  during system i n t e g r a t i o n  

tests. 

The h e a t  loads  and thermal  balance a c c e p t a b i l i t y  of the a i rb rea th ing  

L 

F l i g h t  test e f f o r t s  r e l a t e d  t o  thermodynamics w i l l  b e  s u b s t a n t i a t i v e  and demon- 

strative i n  nature .  F l igh t  test instrumentat ion w i l l  provide s u b s t a n t i a t i o n  of 

thermodynamic environments throughout t h e  f l i g h t  p r o f i l e .  F l igh t  demonstration of 

systems h e a t  balance a c c e p t a b i l i t i e s  w i l l  provide f i n a l  v e r i f i c a t i o n  of system 

performance. 

The thermodynamics tests descr ibed w i l l  provide t h e  necessary design i n f  orma- 

t i o n ,  a n a l y t i c a l  methodology improvement, c o r r e l a t i o n  between a n a l y s i s  and phys ica l  

B5.1-26 
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systems, and phys ica l  v e r i f i c a t i o n s  t o  provide a high confidence i n  the thermal 

adequacy of t h e  veh ic l e  systems. The approach taken makes maximum use of  t echn ica l  

and test hardware i n t e g r a t i o n  t o  provide a comprehensive and c o s t  e f f e c t i v e  thermo- 

dynamics program. 

. 
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5.1.6 Development Tests - Airframe development t e s t i n g  w i l l  be  performed t o  

genera te  design da ta ;  v e r i f y  design concepts;  s u b s t a n t i a t e  a n a l y t i c a l  methods o r  

a i d  i n  developing a n a l y t i c a l  techniques; e s t a b l i s h  des ign  advantage6 of weight,  

s t r e n g t h ,  c o s t ,  manufac turabi l i ty ,  e t c .  Development t e s t i n g  w i l l  be adequately 

f l e x i b l e  t o  a l low rap id  design e f f e c t i v i t y  eva lua t ion  and maintain test scopes 

wi th in  design ob jec t ives .  While development t e s t i n g  is not s p e c i f i c a l l y  aimed 

a t  s p e c i f i c a t i o n  compliance demonstration, t he  test operat ions and test systems 

c a l i b r a t i o n s  w i l l  b e  managed so  t h a t  c r e d i b l e  d a t a  is generated which can be 

used t o  reduce o r  e l imina te  v e r i f i c a t i o n  t e s t i n g  by v i r t u e  of c o r r e l a t i v e  ana lys i s .  

Development test hardware w i l l  genera l ly  c o n s i s t  of coupon and element test 

articles, preproduction hardware, o r  design syn thes i s  models. 

The a i r f rame development tests and t h e  test implementation p lans  are 

presented i n  t h e  following paragraphs. 

subparagraph r e fe rence  of development tests follows. 

As a reader  assist, a t i t u l a r  summary and 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

Fuel Tank - Insu la t ion  Reusabi l i ty  Tests 

Tube/Line Materials and Connection Methods Tests 

Aluminum Alloys Materials Test ing 

Base Heat Shie ld  Development T e s t s  

Elastomeric Materials Test ing 

TPS Development Test 

Evaluat ion of TPS i n  Dynamic Environment 

Design Development of I n t e r f a c e  Between Leading Edge, TPS, 

Transparency Materials Test ing 

Windshield Thermal/Structural  Development 

Evaluat ion of Typical Antenna - TPS I n t e r f a c e  

Evaluat ion of ACPS Nozzle Openings - TPS I n t e r f a c e  

Development of Hinge Line Sea ls  
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T. Fluid - Elastic S t r u c t u r e  I n t e r a c t i o n  T e s t  

Development test schedules are shown i n  Figure 5.1-11. 

A. Fuel Tank - I n s u l a t i o n  Reusab i l i t y  Tests - The purposes of t hese  tests are 

t o  e v a l u a t e  and demonstrate t he  r e u s a b i l i t y  of main p rope l l an t  tank in- 

s u l a t i o n  i n s t a l l a t i o n  and develop tank pene t r a t ion  techniques which 

provide accep tab le  r euse  c h a r a c t e r i s t i c s  from s t r e n g t h  and s e a l i n g  aspects .  

The test a r t ic le  w i l l  be  a test tank wi th  approximate dimensions of 

8 f t .  diameter x 16 f t .  long made from e x i s t i n g  t o o l i n g  c a p a b i l i t i e s .  

The tank cons t ruc t ion  w i l l  be  r e p r e s e n t a t i v e  of v e h i c l e  tank cons t ruc t ion  

wi th  r e p r e s e n t a t i v e  tank pene t r a t ions  included. The tank w i l l  be 

i n s u l a t e d  and l i n e d  following b a s e l i n e  designs and processes.  The tank 

w i l l  be  sub jec t ed  t o  repeated LH2 fill/pressure/drain/heat cyc le s  t o  

assess t h e  r e u s a b i l i t y  of t h e  i n s u l a t i o n  i n s t a l l a t i o n .  Representat ive 

loads w i l l  b e  appl ied t o  p e n e t r a t i o n  p o i n t s  t o  e v a l u a t e  t h e i r  seal 

i n t e g r i t y .  T e s t  d a t a  w i l l  i nc lude  temperatures,  p re s su res ,  l oads ,  

NDE r e s u l t s ,  and photographs. Tests w i l l  be performed by MDAC i n  t h e  

Sacramento T e s t  F a c i l i t i e s .  T e s t  r e s u l t s  are required p r i o r  t o  f i n a l  

design of t h e  p rope l l an t  t ank  and i n s u l a t i o n  i n s t a l l a t i o n .  This  test 

p o t e n t i a l l y  may be combined w i t h  t h e  o b j e c t i v e s  of t h e  Large S c a l e  Tankage 

L i f e  Cycle T e s t s  (Subparagraph Q. below) i f  t i m e l i n e  s e n s i t i v i t i e s  can 

be  m e t .  
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B. Tube/Line Materials and Connection Methods T e s t s  - The purpose of t hese  

tests is t o  evaluate tube,  duct  and l i n e  materials and va r ious  methods 

of t u b e / l i n e  connection and develop t h e  most r e l i a b l e  and weight sensi-  

t i v e  methods f o r  S h u t t l e  app l i ca t ion .  Test ing w i l l  be 

performed on test t u b e / l i n e  material elements t o  eva lua te  f l a r e ,  b raze ,  

swage lock,  welded, and new connecting devices and t h e i r  a p p l i c a b i l i t y  

t o  p o t e n t i a l  tubing materials usage. T e s t s  w i l l  be performed by MDAC. 

T e s t  r e s u l t s  and recommended t u b e / l i n e  materials and connection methods 

are needed p r i o r  t o  design of t u b e / l i n e  app l i ca t ions .  

Aluminum Alloy Materials Test ing - The purpose of t hese  tests i s  t o  

e s t a b l i s h  des ign  material p r o p e r t i e s ,  welding processes  and f a b r i c a t i o n  

methods f o r  new Aluminum Alloys. 

C. 

Tests w i l l  b e  conducted on material 

coupons. Tes t ing  w i l l  i nc lude  t h e  determination of p r o p e r t i e s  of 

t e n s i l e ,  shea r ,  f l e x u r e ,  f a t i g u e ,  creep, and bea r ing  s t r e n g t h s ;  f r a c t u r e  

toughness; and the e f f e c t s  on t h e  s t r e n g t h  p r o p e r t i e s  r e s u l t i n g  from 

e leva ted  temperatures,  welding, forming, and mission reuse.  Standard 

materials test methods and specimen conf igu ra t ions  w i l l  be  used t o  

e s t a b l i s h  necessary design d a t a  and processing methods. 

conducted p r imar i ly  i n  t h e  MDAC Materials P r o p e r t i e s  Laborator ies .  

Tests w i l l  be 

The 

compilation of t h i s  test d a t a  is  p r e r e q u i s i t e  t o  d e t a i l e d  design of 

t h e  most e f f i c i e n t  material app l i ca t ion .  

D. Base H e a t  Sh ie ld  Development Tests - The o b j e c t i v e  of these tests is  t o  

eva lua te  the performance of t h e  i n s u l a t e d  composite base  h e a t  s h i e l d  

concept when exposed t o  i t s  f l i g h t  a s soc ia t ed  thermal and a c o u s t i c  

environments. The test specimen w i l l  c o n s i s t  of  r e p r e s e n t a t i v e  segments 

and attachments of  t h e  base  h e a t  s h i e l d  design. 

b e  supported i n  test f i x t u r e s  and subjected t o  repeated exposures of  

The test s e c t i o n s  w i l l  
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thermal and acous t i c  environment s imula t ions .  T e s t  d a t a  w i l l  inc lude  

temperatures,  p re s su res ,  acous t i c  l e v e l s ,  and photographs. Tests w i l l  

be conducted by MDAC-West. 

design of t h e  base hea t  s h i e l d  system. 

Elastomeric Materials Tes t ing  - The purpose of t hese  tests is t o  es tab-  

T e s t  r e s u l t s  are required p r i o r  t o  f i n a l  

E. 
I 

l i s h  des ign  a p p l i c a b i l i t y  o r  s u i t a b i l i t y  of elastomer materials f o r  t h e i r  

p o t e n t i a l  S h u t t l e  environmental app l i ca t ions .  

determinat ion of phys ica l  and mechanical p rope r t i e s  and t h e i r  assoc ia ted  

r e l a t i o n s h i p s  wi th  aging/reuse and ,environmental compa t ib i l i t i e s .  

w i l l  employ s tandard  test methods and s tandard test  specimen configura- 

t i o n s  where app l i cab le  and w i l l  eva lua te  prototype designs of c e r t a i n  

s p e c i f i c  app l i ca t ions .  Tests w i l l  eva lua te  seals, low burning 

fluorocarbon rubber ( s o l i d  and sponge),  and s i l i c o n e  rubber. Tests w i l l  

be implemented pr imar i ly  i n  MDAC Materials 'Evaluation Laborator ies ,  The 

Test ing w i l l  inc lude  t h e  

Test ing 

s u i t a b i l i t y  of t h e  material s e l e c t i o n s  must be e s t ab l i shed  before  design 

use of t h e  material can be made. 

F. TPS Development Test - The ob jec t ive  of t hese  tests i s  t o  develop t h e  

TPS conf igura t ions  incorpora t ing  knowledge acquired from Phase B and 

CRAD e f f o r t .  This  is necessary t o  v e r i f y  system concept and f e a s i b i l i t y ;  

and t h a t  system response t o  the  mission environment is wi th in  p red ic t ion  

to le rance .  The specimen is comprised of h e a t  s h i e l d  pane ls ,  support  

beams and s t r u t s ,  and r e t e n t i o n  devices  and leading  edge segments. 

Materials used w i l l  b e  a b l a t o r s  and HCF as es t ab l i shed  during t h e  Phase B 

study. 

Phase B s tudy r e s u l t s  and CRAD t e s t i n g .  Following modal survey t e s t i n g ,  

each test specimen w i l l  be repea ted ly  subjec ted  t o  a simulated mission 

environment cons i s t ing  of :  (a)  ascent  aerodynamic pressures  at  room 

These specimens are second generat ion designs and r e f l e c t  bo th  
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temperature,  (b) ascent a c o u s t i c  environment, (c) e n t r y  temperatures 

and p res su res  appl ied simultaneously,  and (d) c r u i s e  f l i g h t  aerodynamic 

p res su res  a t  r e p r e s e n t a t i v e  temperature. 

b e  repeated t o  assess t h e  e f f e c t s  of m u l t i p l e  mission s imulat ions.  

s imu la t ing  e n t r y  environment, tests w i l l  be  performed i n  an a l t i t u d e  

chamber t o  o b t a i n  i n s u l a t i v e  c h a r a c t e r i s t i c s  and performance at  reduced 

pressure.  T e s t  d a t a  w i l l  i nc lude  s t r a i n s ,  d e f l e c t i o n s ,  loads,  p re s su res ,  

dynamic response,  a c o u s t i c  levels, temperatures,  and photographs. T e s t s  

w i l l  be  conducted i n  MDAC Thermal S t r u c t u r a l  Test f a c i l i t i e s .  

The environment exposure w i l l  

When 

Test ing 

must b e  completed p r i o r  t o  TPS f i n a l  design s e l e c t i o n .  

Evaluation of TPS i n  Dynamic Environment - The o b j e c t i v e  of t h e s e  tests 

is t o  assess t h e  thermal c h a r a c t e r i s t i c s  of t h e  TPS panel  systems when 

exposed t o  simulated en t ry  flow and p res su re  environments. This t e s t i n g  

is necessary t o  determine t h e  e f f e c t s  of e n t r y  flow upon t h e  TPS 

panel systems as generated from Phase B and CRAD t e s t i n g  e f f o r t s .  This 

test w i l l  a l s o  provide a c o r r e l a t i o n  between a gas dynamics environment 

and an i n f r a r e d  source  environment (qua r t z  lamps) t o  be used f o r  t h e  

ma jo r i ty  of thermal t e s t i n g .  Two test panels f o r  each conf igu ra t ion  with 

suppor t s ,  f a s t e n e r s ,  and j o i n t  covers w i l l  be  mounted on simulated 

wing and fuse l age  s t r u c t u r e .  

t o  simulated en t ry  h e a t i n g  and p res su re  p r o f i l e s .  

environment sou rce  flow enthalpy , temperatures and pressures .  Data 

a c q u i s i t i o n  p o i n t s  w i l l  correspond wi th  those i n  t h e  t e s t i n g  descr ibed i n  

F. above s o  t h a t  a comparison can be  made between t h e  r e s u l t s  of dynamic 

and s ta t ic  thermal environment sources .  

MDAC using t h e  USAF - AFFDL 50mw Electrogasdynamics F a c i l i t y .  T e s t  

d a t a  is  r equ i r ed  p r i o r  t o  f i n a l  design of t h e  TPS panel  systems. 

. B5.1-33 
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H. Design Development of I n t e r f a c e  Between Leading; Edge TPS and S t r u c t u r e  - 
The o b j e c t i v e  of t h e s e  tests is t o  determine t h e  thermal and phys ica l  

compa t ib i l i t y  between t h e  a b l a t i v e  l ead ing  edge and t h e  adjacent  TPS and 

s t r u c t u r e  as a p p l i c a b l e  t o  t h e  wing and f i n .  The test articles w i l l  

c o n s i s t  of r e p r e s e n t a t i v e  leading edge-TPS system i n s t a l l e d  on t y p i c a l  

wing and f i n  s t r u c t u r e  supports.  The test support  systems w i l l  provide 

boundary cond i t ion  r egu la t ion .  Test ing w i l l  be  conducted i n  a pressure- 

temperature p r o f i l e  environment. A gas dynamic test source  environment 

w i l l  be  used. T e s t  d a t a  w i l l  i nc lude  temperatures,  p re s su res ,  relative 

displacements,  and photographs. Test ing w i l l  b e  conducted by MDAC 

using t h e  USAF - AFITDL 50mw Electrogasdynamics F a c i l i t y .  

are requ i r ed  p r i o r  t o  f i n a l  design of leading edge-TPS-structure i n t e r -  

f aces .  

Transparency Materials T e s t i n g  - Test ing w i l l  b e  performed t o  eva lua te  

materials and i n s t a l l a t i o n s  a p p l i c a b l e  t o  o p t i c  and non-optic (antenna) 

t ransparencies .  

p a t i b i l i t i e s  of p o t e n t i a l  material app l i ca t ions .  

i nc lude  thermal degradat ion,  t ransmission p r o p e r t i e s / q u a l i t y ,  s t r e n g t h ,  

electrical p r o p e r t i e s  ( f o r  antennas) ,  and impact r e s i s t a n c e .  Tes t ing  

scope w i l l  i nc lude  eva lua t ion  of b a s i c  materials as w e l l  as material 

a p p l i c a t i o n  methods such as s e a l i n g ,  mounting and coat ing.  Tests w i l l  

T e s t  r e s u l t s  

I. 

Tes t ing  w i l l  eva lua te  thermal-physical environment com- 

Considerations w i l l  

b e  conducted a t  t h e  coupon level. 

f a c i l i t i e s .  The completion of t hese  tests and d a t a  a n a l y s i s  must precede 

f i n a l  transparency des ign  s e l e c t i o n s .  

Windshield Thermal/Structural  Development 5 The o b j e c t i v e  of these tests 

is t o  e v a l u a t e  t h e  des ign  of t h e  windshield system f o r  its thermal and 

s t r u c t u r a l  a p p l i c a t i o n s .  The test art icle w i l l  c o n s i s t  of a prototype 

T e s t s  w i l l  b e  performed i n  MDAC test 

J. 
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windshield t ransparency i n s t a l l e d  i n  a frame and supported by representa-  

t i v e  l o c a l  s t r u c t u r e .  Tests w i l l  be conducted t o  determine t h e  thermal 

compa t ib i l i t y  of t h e  transparency with i t s  design loads and i n s t a l l a t i o n  

design. 

d i f f e r e n t i a l s ,  frame loadings,  and impact tests t o  assess t h e  accepta- 

b i l i t y  of t h e  design. T e s t  d a t a  w i l l  i nc lude  temperatures,  l oads ,  

The windshield w i l l  be subjected t o  thermal loads,  p re s su re  

s t r a i n s ,  d e f l e c t i o n s ,  p re s su res ,  i m p a c t  r e s i s t a n c e ,  and photographs. 

Test ing w i l l  be  conducted by MDAC-West. T e s t  r e s u l t s  are required p r i o r  

t o  f i n a l  design of t he  windshield i n s t a l l a t i o n .  

Evaluat ion of Typical  Antenna-TPS I n t e r f a c e  - The o b j e c t i v e  of t hese  tests 

i s  t o  determine t h e  thermal compa t ib i l i t y  and i s o l a t i o n  of a t y p i c a l  

antenna system i n s t a l l e d  i n  the  TPS. The t e s t i n g  i s  necessary t o  develop 

an accep tab le  des ign  f o r  the i n t e g r a t i o n  of antennas wi th  the TPS. 

test antenna-TPS area wi th  backup supports and i n s u l a t i o n  w i l l  b e  enclosed 

i n  a boundary condi t ioning test support .  The specimens w i l l  be  repeatedly 

exposed t o  gas dynamic-pressure environments s imula t ing  f l i g h t  environ- 

ments. T e s t  d a t a  w i l l  i nc lude  environment parameters of flow and enthalpy 

as w e l l  as temperatures and pressures .  Test ing w i l l  be  conducted by 

KO 

A 

L. 

MDAC-West u s ing  t h e  USAF - AFFDL 50mw Electrogasdynamics F a c i l i t y .  

r e s u l t s  are required p r i o r  t o  f i n a l  design of antenna-TPS i n t e r f a c e s .  

Evaluation of ACPS Nozzle Openings-TPS I n t e r f a c e  - The o b j e c t i v e  of t h e s e  

tests is t o  determine t h e  e f f e c t s  of t h e  ACPS nozz le  openings i n  t h e  TPS 

and e s t a b l i s h  thermal c h a r a c t e r i s t i c s  of t he  nozzle  i n s t a l l a t i o n .  The 

test a r t ic le  w i l l  c o n s i s t  of a r e p r e s e n t a t i v e  TPS system w i t h  an ACPS 

nozz le  i n s t a l l a t i o n .  A test  support  system w i l l  provide test thermal 

boundary c o n d i t i o n  con t ro l .  

thermal and p res su re  environment wi th  repeated exposures t o  determine 

T e s t  

The test w i l l  be performed i n  a dynamic 
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any system degradat ion.  T e s t  d a t a  w i l l  i nc lude  temperatures ,  flows, 

p re s su res ,  source  en tha lpy ,  and photographs. T e s t s  w i l l  be conducted by 

MDAC-West us ing t h e  USAF - AFEDL 50mw Electrogasdynamics F a c i l i t y .  

r e s u l t s  are requi red  p r i o r  t o  f i n a l  design of ACPS nozzle  i n s t a l l a t i o n .  

Development of Hinge Line Sea ls  - The ob jec t  of t h e s e  tests is  t o  develop 

a des ign  conf igura t ion  f o r  thermal and gas flow seals f o r  t h e  wing- 

e levon and fin-rudder h inge  l i n e  j o i n t s .  

w i l l  be  mounted i n  a test f i x t u r e  and subjec ted  t o  thermal ,  p re s su re  

d i f f e r e n t i a l ,  and re la t ive motion cyc le  tests t o  determine t h e  thermal 

T e s t  . 

M. 

Representa t ive  j o i n t  elements 

and phys ica l  performance of t he  seal designs.  

temperatures ,  dimensions, wear, leakage,  p re s su res ,  and photographs. 

Tests w i l l  be conducted by MDAC-West. 

T e s t  d a t a  w i l l  i nc lude  

T e s t  r e s u l t s  are requi red  p r i o r  

t o  f i n a l  des ign  of h inge  l i n e  seals. 

N. Non-Destructive Evaluat ion - The purpose of t h i s  e f f o r t  is  t o  develop 

non-destruct ive eva lua t ion  (NDE) techniques a p p l i c a b l e  t o  t h e  s e n s i t i v i -  

ties of t h e  S h u t t l e  systems. Areas of cons idera t ion  inc lude  t h e  estab-  

l ishment of methods and i n t e r v a l s  f o r  t h e  performance of NDE on t h e  

ope ra t iona l  vehic le .  The scope of NDE development e f f o r t  inc ludes  

material r ece iv ing / inspec t ion ,  i n  process  eva lua t ion ,  pos t  forming 

in spec t ion ,  p re - f l i gh t  acceptance,  and pos t  f l i g h t  inspec t ion .  S e n s i t i v e  . 

areas of concern inc lude  primary s t r u c t u r e ,  p rope l l an t  tankage and thermal 

p r o t e c t i o n  systems. 

(areas t o  be  eva lua ted)  of t h e  v e h i c l e  and a c c e s s i b i l i t y  l i m i t a t i o n s  

imposed by t h e  des igns  and t h e  s h o r t  t i m e s  a v a i l a b l e  t o  perform t h e  

eva lua t ions  on t h e  ope ra t iona l  system. 

d i r e c t  coupon eva lua t ions  as w e l l  as technique a p p l i c a t i o n  eva lua t ions  

The major complexity i s  r e l a t e d  t o  t h e  l a r g e  s i z e  

T e s t  a c t i v i t y  w i l l  i nc lude  

B5.1-36 



MDC E0308 
30 June 1971 

Space Shuttle Program - Phase B Final Report 
PROGRAM ACQUISITION PLANS 

PART 111-5 
rEsr 

throughout the development and v e r i f i c a t i o n  test programs. 

w i l l  be  conducted by MDAC. 

f o r  each system s e n s i t i v i t y  i s  necessary p r i o r  t o  t h e  d e f i n i t i o n  of 

system maintenance plans.  

Coatings/Finishes Test ing - The purpose of t h e s e  tests i s  t o  eva lua te  

t h e  a p p l i c a b i l i t y  of coat ings o r  s u r f a c e  f i n i s h e s  t o  t h e i r  S h u t t l e  design 

a p p l i c a t i o n  requirements. 

electrical bond coa t ings ,  corrosion r e s i s t a n t  coa t ings ,  an t i - se i ze  

coat ings,  l u b r i c a t i o n ,  cabin i n t e r i o r  f i n i s h  s e l e c t i o n ,  and thermal 

Test ing 

The establishment of r e l i a b l e  NDE methods 

0. 

Systems r equ i r ing  development include j o i n t  

c o n t r o l  coa t ings .  

tests w i l l  be performed on r e p r e s e n t a t i v e  app l i ca t ions  t o  e s t a b l i s h  

a c c e p t a b i l i t y  f o r  design. Test ing w i l l  be conducted by MDAC. Each 

coa t ing  system must b e  s a t i s f a c t o r i l y  developed o r  demonstrated t o  be  

a p p l i c a b l e  and accep tab le  f o r  each design requirement. 

Environmental compat ibi l i ty  and long t e r m  exposure 

P. Door S e a l / S i l l  Development Tests - The o b j e c t i v e  of t h i s  t e s t  i s  t o  

develop and v e r i f y  a design concept f o r  t h e  s e a l i n g  of mold l i n e  doors 

t h a t  w i l l  restrict t h e  i n g r e s s  of hot  gasses  i n t o  c a v i t i e s  t h a t  have t o  

be  maintained a t  r e l a t i v e l y  low temperatures and demonstrate r e u s a b i l i t y .  

The reason f o r  t h i s  test  is t o  e s t a b l i s h  f e a s i b i l i t y  of t h e  concept and 

confidence t h a t  t he  des ign  w i l l  su rv ive  t h e  mission gas dynamics environ- 

ments. This t e s t i n g  w i l l  b e  a l o g i c a l  follow-on t o  t h e  door seal tests 

conducted du r ing  t h e  Phase B supplemental test program. Specimens 

approximately 8" x 8" i nco rpora t ing  TPS, door and s i l l  s t r u c t u r e  p lus  

approximately 8" x 8" of f i x e d  TPS w i l l  be evaluated. 

w i l l  be  exposed t o  plasma flow i n  two d i r e c t i o n s ,  f low p a r a l l e l  t o  door/ 

s i l l  j o i n t  and flow normal t o  d o o r / s i l l  j o i n t .  Ten tests i n  each d i r ec -  

t i o n  w i l l  b e  performed. 

The test specimens 

Flow impingement ang le  w i l l  s imu la t e  windward 
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angle-of-attack during en t ry .  

s t r u c t u r e ,  plasma hea t ing  w i l l  be stopped i f  t h e  temperature of t h e  

i n t e r i o r  becomes excessive.  

leakage rates as w e l l  as p r e  and pos t  test photographs. 

conducted i n  t h e  MDAC and NASA-MSC gas dynamics test f a c i l i t i e s .  

r e s u l t s  are requi red  p r i o r  t o  design of v e h i c l e  windward door seals. 

Large Scale Tankage L i f e  Cycle Tests - The ob jec t ive  of t h i s  test is t o  

eva lua te  and demonstrate t h e  f e a s i b i l i t y  of assur ing  adequate l i f e  of 

main p rope l l an t  tanks on t h e  b a s i s  of NDE and proof t e s t i n g .  

To avoid u n r e a l i s t i c  damage t o  i n t e r i o r  

T e s t  d a t a  w i l l  i nc lude  temperatures and 

Tests w i l l  be  

T e s t  

The p r a c t i c a l i t y  of depending upon NDE as t h e  p r ime  method of 

de t ec t ing  flaws i n  main cry0 p rope l l an t  tanks has been questioned i n  

view of t h e  s i z e  of t h e  tanks.  

approach r equ i r e s  demonstration on a "large" p re s su re  vessel. 

Evaluation of NDE techniques as a r e l i a b l e  

T e s t  specimen w i l l  be approximately 8 f t .  i n  diameter and 16 f t .  

long wi th  i n t e g r a l  s t i f f e n i n g  s imulat ing average requirements of the 

main f u e l  tank. ..I. 

Tank w i l l  b e  subjec ted  t o  material in spec t ion ,  and in spec t ion  a t  

s e v e r a l  s t a g e s  of manufacture, be fo re  and a f t e r  proof p re s su re  tests apd 

a t  "opera t iona l  intervals" r ep resen ta t ive  of planned S h u t t l e  f r a c t u r e  

c o n t r o l  procedures. 

Af te r  post-proof test in spec t ion ,  tank w i l l  be  subjected t o  pressure  

cyc l ing  at opera t ing  stress l e v e l s .  Complete i n t e r n a l  and e x t e r n a l  

i n spec t ions  w i l l  be performed a t  i n t e r v a l s  t o  b e  determined. 

Cycling w i l l  cont inue u n t i l  f laws ( f a t i g u e  c racks)  are de tec t ed  by 

inspec t ion .  

r e p a i r s  w i l l  be made before  f a i l u r e  and t e s t i n g  w i l l  cont inue t o  v e r i f y  

Crack growth may be observed f o r  subsequent cyc l ing ;  however, 
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adequacy of r e p a i r  and t o  eva lua te  a b i l i t y  of NDE t o  adequately d e t e c t  

f l a w  growth ( i f  any) i n  t h e  r e p a i r  area. 

with NDE Development tests programs described i n  subparagraph N above. 

T e s t  e f f o r t s  w i l l  be i n t e g r a t e d  

T e s t  cycl ing w i l l  cont inue f o r  500 cycles  beyond r e p a i r  of t h e  t h i r d  

crack. 

T e s t  d a t a  w i l l  i nc lude  NDE d a t a ,  p re s su res ;  s t r a i n s ;  d e t a i l s  of 

f law recogn i t ion ,  growth, and r e p a i r ;  p e r t i n e n t  photographs; and 

m e t a l l u r g i c a l  eva lua t ions  of f r a c t u r e s .  Tests w i l l  be conducted i n  

MDAC-West Laborator ies .  

p r i o r  t o  tank s t r u c t u r a l  s i z i n g .  This test p o t e n t i a l l y  may be  combined 

with Fuel  Tank - I n s u l a t i o n  Reusab i l i t y  Tests (Subparagraph A. above) i f  

t ime l ine  s e n s i t i v i t i e s  can be  m e t .  

Landing Gear (Main and Nose) Development Tests - The purpose of t h e s e  

tests i s  t o  perform f i n a l  development of t h e  landing gear  metering p i n  

systems so t h a t  design load-stroke p r o f i l e s  are a t t a i n e d .  Tests w i l l  b e  

conducted on t h e  f i r s t  gear  assembly using a n a l y t i c a l l y  derived metering 

system f o r  i n i t i a l  tests. 

Test d a t a  w i l l  i nc lude  loads ,  s t r a i n s ,  s t r u t  p re s su res ,  a c c e l e r a t i o n s  

and motion p i c t u r e s .  Tests w i l l  be performed by o r  subcontracted by t h e  

landing gear vendor wi th  MDAC cognizance. Test ing and metering system 

development must be completed p r i o r  t o  production design release. 

Cold Gas Jet Acoustic Test - The o b j e c t i v e  of t h i s  test i s  t o  d e f i n e  the  

near-f ie ld  a c o u s t i c  levels r e s u l t i n g  from ABE opera t ion  during f l i g h t  

and h o r i z o n t a l  ground t akeof f .  

T e s t  r e s u l t s  are required f o r  a t  least 2000 cyc le s  

T e s t s  w i l l  be  performed i n  a j i g  drop tower. 

Engine exhaust flow mixing and ground r e f l e c t i o n  w i l l  produce near- 

f i e l d  a c o u s t i c  l e v e l s  of s u f f i c i e n t  magnitude t o  in f luence  t h e  design of 

l o c a l  s t r u c t u r e .  Since methods of p r e d i c t i n g  nea r - f i e ld  a c o u s t i c  levels 
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f o r  je t  engine opera t ion  are v i r t u a l l y  non-existent,  model tests t o  pro- 

v ide  measured da ta  e a r l y  i n  t h e  design phase are required.  

A 10% scale r i g i d  model of t h e  boos te r  with cold gas jets sca led  

t o  s imula te  a l l  ABE exhaust parameters except temperature w i l l  be  used. 

Primary cons idera t ion  is given t o  use of t h e  appropr ia te  wind tunnel  

model w i th  conf igura t ion  modif icat ions t o  allow f o r  producing t h e  f luc-  

t u a t i n g  p res su re  environments f o r  both f l i g h t  and ground opera t ion  of ABE's. 

Wideband f l u c t u a t i n g  pressure  d a t a  w i l l  be obtained f o r  t h e  test 

condi t ions noted above. Data s h a l l  be taken a t  a s u f f i c i e n t  number of 

po in ts  t o  de f ine  t h e  near - f ie ld  acous t i c  l e v e l s .  RMS o v e r a l l  sound 

p res su re  l e v e l s  and s p e c t r a l  p l o t s  w i l l  be  determined f o r  each d a t a  

point .  Tests w i l l  b e  conducted by MDAC. T e s t  r e s u l t s  are required 

during f i n a l  s t r u c t u r a l  design. 

Fluid - Elastic S t ruc tu re  I n t e r a c t i o n  T e s t  - Tests w i l l  be conducted t o  

v e r i f y  t h e  f l u i d - e l a s t i c  s t r u c t u r e  a n a l y t i c a l  model used f o r  s imula t ion  

of la teral  and vertical  motion of f l u i d  i n  tanks.  

e l a s t i c  tank a f f e c t s  t h e  f l u i d  motion and may cause unacceptable a m p l i f i -  

c a t i o n  levels. For t h e  - S h u t t l e  conf igura t ions ,  t h e  t h r u s t  a x i s  is a t  an 

angle  t o  t h e  tank c e n t e r l i n e ,  hence coupling e x i s t s  between vertical and 

la teral  f l u i d  motions. This  coupling has  t o  be  a n a l y t i c a l l y  modeled and 

t h e  a n a l y t i c a l  model v e r i f i e d  by test. 

The presence of an 

A scale model of t h e  boos te r  LOX tank wi th  s u f f i c i e n t  s e c t i o n  of LOX 

f e e d l i n e  incorporated w i l l  be t e s t e d  t o  s tudy  f l u i d  motion a t  f e e d l i n e  

o u t l e t .  The tank  scale w i l l  be  t h e  same as f o r  Mated Vehicle model tests 

(Sect ion 5.2) so mul t ip l e  model u t i l i z a t i o n  can be made. The test system 

w i l l  be  s i zed  t o  a l low f o r  l a r g e  amplitude motion input  t o  t h e  tank f o r  

an a r b i t r a r y  d i r e c t i o n  of f o r c e  input .  
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Test data will include accelerations, forces, velocities, and dis- 

Testing will generate fluid forces data and dry tank modal placements. 

data. 

facilities. 

tank baffles and POGO suppression devices. 

Testing will be conducted at MDAC and/or MSFC dynamics test 

The test data must be available prior to final design of 

5.1.7 Verification Tests - Airframe verification tests will be performed to 
demonstrate compliance with requirements and provide authentication of analytical 

characterizations or performance predictions. Airframe verification is, in total, 

a summation of all applicable development test data correlations, detailed and 

sophisticated analyses, and necessary testing required to demonstrate that design 

objectives have been met. Airframe verification testing includes subassembly 

acceptance testing, ground test programs, pre-flight acceptance tests and flight 

test demonstrations. The requirements to be fulfilled by airframe verification 

testing are reflected in Figure 5.1-12 and the major airframe verification tests 

are summarized in Figure 5.1-13. 
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The airframe group systems 
shall be verified to be 
structurally adequate and 
functionally operable (as 
applicable) while subjected 
to the combinations of loads 
and natural and induced en- 
vironments, based on the 
structural design criteria, 
which established the struc- 
tural design requirements of 
the system. 
Test articles shall be Necessary to economy of program. 
selected and test conditions 
imposed which fulfill the 
greatest range of technical 
requirements using the mini- 
mum amount of test hardware. 
The sensitivities of design, 
strength, thermodynamics, 
structural dynamics, propul- 
sion and loads technologies 
shall be integrated in de- 
fining the test program, 
consistent with facilities 
capabilities. 

Necessary to verify adequacy of design. 

(b) Structure System 

(1) The structural verification Necessary for test program economy. 
test program shall be scoped 
and programmed to provide 
test data in consonance with 
program milestones while 
using less than an entire 
airframe for dedicated 
structural test purposes. 
The test program shall in- 
clude, as applicable, inte- 
grated method of obtaining 
test data related to influ- 
ence coefficients, dynamic 
response (low level modal re- 
sponse, acoustic response and 
POGO), safe life, ultimate 
strength, thermal effects, 
and vibro-acoustic effects. 

(2) 

85.1-42 
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AIRFRAME GROUP TEST REQUIREMENTS 

TEST REQUIREMENTS JUSTIFICATION 

(3) T e s t  hardware s h a l l  no t ,  i n  Necessary f o r  e f f e c t i v e  u t i l i z a t i o n  of 
genera l ,  be  t e s t e d  t o  f a i l -  test hardware. U l t i m a t e  s t r e n g t h  demon- 
ure  t o  determine a design s t r a t i o n  w i l l  adequately v e r i f y  t h e  
margin. design s t rength .  

(c)  Landing System 

The energy absorp t ion  
c h a r a c t e r i s t i c s  of t h e  land- compat ib i l i ty .  
i n g  gear  systems s h a l l  be 
e s t a b l i s h e d  and t h e i r  u l t i -  
mate s t r e n g t h  v e r i f i e d .  
Environmental synergisms re- 
l a t e d  t o  hea t ing  and expo- 
s u r e  t o  reduced atmospheric 
p re s su re  s h a l l  be considered 
i n  e s t a b l i s h i n g  test condi- 
t i o n s .  
Vehicle dece le ra t ion  devices  Necessary t o  s u b s t a n t i a t e  design. 
s h a l l  b e  t e s t e d  t o  v e r i f y  
deployment, response and 
adequacy under induced loads.  

Necessary t o  v e r i f y  landing gear  system 

(d) Thermal P ro tec t ion  System (TPS) 

(1) The TPS s h a l l  be t e s t e d  t o  Necessary t o  s u b s t a n t i a t e  TPS design. 
v e r i f y  adequacy f o r  n a t u r a l  
and induced environment 
des ign  requirements.  
Spec ia l  a t t e n t i o n  s h a l l  be 
given t o  panel  dynamics 
( including acous t i c  re- 
sponse),  h e a t  t r a n s f e r ,  and 
the  s y n e r g i s t i c  e f f e c t s  of 
combined environments 
which may preclude d isso-  
c i a t i o n  of test environ- 
ments. 

(2) TPS designs of material 
a p p l i c a t i o n s  t h a t  are ade- 
qua te ly  s i m i l a r  between 
boos ter  and o r b i t e r  vehi- 
c l e s  s h a l l  be  t e s t e d  only t o  
the  most c r i t i c a l  environ- 
ments of e i t h e r  veh ic l e .  

Dupl ica t ion  of test el iminated f o r  
economy. 

FIGURE 5.1-12 (Cont.) 
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5.1.7.1 Subassembly Acceptance Tests - Tests will be performed on subassem- 
blies during the manufacturing phase to verify proper assembly and that integrity, 

operation and performance are within design specifications. 

assemblies and of how they are tested are as follows: 

Examples of sub- 

Cabling - Continuity, insulation breakdown, shielding and grounding tests 
will be performed. 

Fluid Lines, Manifolds - Fabricated lines will be hydrostatically proof pres- 
sure tested. Jacketed cryogenic lines will be cold shocked using a cryogenic fluid 

and leak tested using a mass spectrometer. 

Tanks - All pressure vessels will be proof pressure tested during their manu- 
facture. 

Upon final assembly, a pneumostatic proof pressure test is performed to validate 

the assembly. 

hydrostatic/pneumostatic method. 

joined with the forward section for overall pneumostatic test. 

tested by applicable hydrostatic ,or pneumostatic methods. 

The main propulsion LH2 tank is manufactured and assembled in sections. 

The main propulsion LO2 tank is tested in two sections using a 

The aft section is hydrostatically tested then 

Other tanks will be 

Modules - Applicable cabling, line, and tank tests, as above, will be per- 
formed on modules during and/or after manufacturing build-up. 

vary from relatively small pneumatic units to major assemblies consisting of a 

complete cabin-nose section. 

assembly there will be no requirements to repeat the tests to the same level. Next 

Modules tested will 

Module testing is designed so that upon final 

assembly testing is to be mainly concerned with validation of interfaces. Tests of 

modularized components will be deferred until the subsystem is completed on the 

next assembly for cases where complex and expensive simulators are required to 

accomplish the test in a module level. 
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5.1.7.2 Airframe V e r i f i c a t i o n  Ground T e s t s  - The b a s i c  approach toward pre- 

f l i g h t  v e r i f i c a t i o n  of t h e  s t r u c t u r a l  adequacy of  t h e  veh ic l e ,  s a t i s f y i n g  t h e  

requirements of Figure 5.1-12 

ground t e s t i n g .  

i s  by s e l e c t i n g  critical s e c t i o n s  f o r  r igorous 

This  approach w a s  s e l e c t e d  f o r  the following reasons: 

Di f fe ren t  areas o r  s e c t i o n s  of the veh ic l e  have d i f f e r e n t  s t r u c t u r a l  

c r i t i c a l i t i e s .  T e s t  condi t ions  are the re fo re  encountered on an assembled 

a i r f rame which n e c e s s i t a t e s  end-to-end t e s t i n g  and/or p a r t i a l  a i r f rame 

disassembly. This  has  t h e  undes i rab le  e f f e c t  of lengthening t h e  t o t a l  

t e s t i n g  per iod.  

Demonstration of t h e  u l t ima te  s t r e n g t h  of var ious  veh ic l e  s e c t i o n s  having 

d i f f e r e n t  test requirements would r equ i r e  scoping t h e  test system t o  

accommodate t h e  t o t a l  a i r f rame,  whereas s e c t i o n  t e s t i n g  allows use of 

smaller scale test c a p a b i l i t i e s .  

Sec t iona l ized  t e s t i n g  allows o v e r a l l  program progress  even i f  i nd iv idua l  

tests d i sc lose  s t r u c t u r a l  anomalies on a s i n g l e  component. With t o t a l  

airframe t e s t i n g ,  an anomaly discovered during test portends a delay of  

t h e  e n t i r e  test program while  l o c a l  problems are resolved.  

t h a t  scheduled test of  a major s e c t i o n  o r  zone on an assembled a i r f rame 

could b e  implemented i n  p a r a l l e l  w i t h  unant ic ipa ted  development tests on 

another  p a r t  of t h e  a i r f rame,  e i t h e r  from a t e c h n i c a l  o r  s a f e t y  aspect .  

Furthermore, a ca t a s t roph ic  f a i l u r e  on an assembled a i r f rame jeopard izes  

(a)  

(b) 

(c) 

It is doubtful  

t h e  a v a i l a b i l i t y  of  subsequent test hardware. 

The s e c t i o n a l i z e d  approach allows t e s t i n g  t o  be disseminated t o  coincide 

wi th  design o r  manufacturing l o c a t i o n s  o r  t o  a f a c i l i t y  where t e s t i n g  

(d) 

c a p a b i l i t y  a l ready  e x i s t s .  

B5.1-.46 



MDC €0308 
30 June 1971 

Space Shuttle Program - Phase 5 Final Report 
AC Q U I SIT I 0 N P L AM S 

PART 111-5 
TEST 

(e) V e r i f i c a t i o n  t e s t i n g  of  major s e c t i o n s  can start up t o  f i v e  months 

earlier than p o s s i b l e  i f  airframe assembly w e r e  required.  

d a t a  w i l l  t h e r e f o r e  be a v a i l a b l e  during f l i g h t  v e h i c l e  buildup. 

Ground test 

I n  syn thes i z ing  t h e  a i r f r ame  v e r i f i c a t i o n  ground test program t h e  following 

t e c h n i c a l /  technology phi losophies  o r  approaches have been appl ied.  

0 Fatigue t e s t i n g  pe r  se is n o t  a n t i c i p a t e d  on t h e  Space S h u t t l e  veh ic l e s .  

Safe  l i f e  demonstrations w i l l  be performed on cr i t ical  hardware. 

hardware w i l l  have been designed t o  s a f e  l i f e  cri teria and b e  c l a s s i f i e d  

as C r i t i c a l i t y  I. 

T h i s  

Rat ionale  - The r e l a t i v e l y  s h o r t  ope ra t ing  cyc le  l i f e  of  t h e  v e h i c l e  (as com- 

pared t o  a i r c r a f t )  does no t  portend major o v e r a l l  s t r u c t u r a l  f a t i g u e  problems i n  

cons ide ra t ion  of v e h i c l e  design and a i r c r a f t  technology. 

0 T h e  approach t o  s t r u c t u r a l  dynamics t e s t i n g  i s  t o  i n t e g r a t e  s t r u c t u r a l  

dynamics test requirements w i t h  t h e  major s t r u c t u r a l  s e c t i o n  tests, the 

propuls ion i n t e g r a t i o n  tests (Section B 6 . 4  ), a mated v e h i c l e  scale model 

test (Section A 6.2 ), and low level nondestruct ive dynamic response tests 

on t h e  assembled f l i g h t  v e h i c l e  (Sect ions A 

The i n t e g r a t i o n  of  s t r u c t u r a l  dynamics tests w i l l  be  implemented i n  se- 

quences and by methods which do no t  j eopa rd ize  t h e  v a l i d i t y  of subsequent 

tests o r  t h e  i n t e g r i t y  of  t h e  f l i g h t  des t ined  hardware. 

7.3, B 7.2, and C 7.2). 

The s e l e c t i o n  of t h e  s t r u c t u r a l  s e c t i o n s  t o  be  t e s t e d  and t h e i r  i nd iv idua l  

s e n s i t i v i t i e s  are designated by t h e  a n a l y t i c a l  technologies .  Through test require- 

ments i n t e g r a t i o n  and i terative coordinat ion between t h e  va r ious  technologies ,  a 

f i n a l  s e l e c t i o n  o f  t es t  hardware ( s i n g l e  test articles unless  otherwise noted) and 

tes t  condi t ions has been made. The ground development and v e r i f i c a t i o n  test re- 

quirements recognized, t h e  prel iminary test approaches and implementation p l ans  f o r  
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t h e  t e s t i n g  of t h e  air f rame are presented i n  t h e  following subparagraphs. 

paragraph t i t u l a r  summary is  presented here f o r  convenience. 

A sub- 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

Forward Fuselage Tests 

LO2 Tank Sect ion T e s t s  

I n t e r t a n k  Sect ion and Canard Tests 

Main LH2 Tank T e s t s  

Fin - Rudder T e s t s  

Landing Gear Tests (Nose and Main) 

Wing - Aft Fuselage T e s t s  

Elevon T e s t s  

Thermal P ro tec t ion  System T e s t s  

ABES Fuel Tank Tests 

t, 

Related schedul ing of t h e  above tests i s  shown i n  Figure 5.1-14. 

A. Forward Fuselage - The ob jec t ives  of t h i s  test are t o  demonstrate the 

s t r u c t u r a l  adequacy, determine a c o u s t i c  t r a n s f e r  func t ions ,  and determine 

dynamic c h a r a c t e r i s t i c s  of t h e  forward fuse lage  sec t ion .  

will be the prima,q s t r u c t u r e  of t h e  forward fuse lage  assembly (S ta t ions  

X1030 t o  x1235). The t e s t - s e c t i o n  w i l l  be  j i g  mounted and the fol lawing 

tests performed: 

The test art icle 

Low Level Dynamic Response 

ACPS Thrus te r  Inf luence  Coeff ic ien t  

S t r u c t u r a l  Loads (Limit)  

Vib ro  -Acous t i c  T e s t  

U l t i m a t e  Pressure  i n  C r e w  Compartment 

T e s t  d a t a  w i l l  inc lude  dynamic modal da t a ,  l oads ,  p ressure ,  d e f l e c t i o n s  

strains,  a c o u s t i c  d a t a  and photographs. Stat- ic  tests wKU.-be codducted by 
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MDAC-EAST i n  MDAC S t ruc tu res  LaboratorPes and t h e  NASA-MSC Spacecraf t  Acoustic 

Laboratory. S t r u c t u r a l  t e s t i n g  t o  l i m i t  loads  is  required p r i o r  t o  HTO, 

with dynamics, acous t i c s ,  and ultimate cabin pressure  t e s t i n g  completed 

p r i o r  t o  VTO. 

B. LO2 Tank Sect ion Tests - The ob jec t ives  of t hese  tests are t o  e s t a b l i s h  

t h e  dynamic c h a r a c t e r i s t i c s  of t h e  LO2 tank s e c t i o n  and Fluid-Structure  

coupling modes and t o  demonstrate t h e  s t r u c t u r a l  adequacy of  the LO2 tank. 

The test article w i l l  be t h e  LO2 tank s e c t i o n  of t h e  veh ic l e  which extends 

from X1235 t o  X1883 s p l i c e  r ings .  The test s e c t i o n  w i l l  b e  supported by 

adapter  r i ngs  s imula t ing  t h e  s p l i c e  r i n g  i n t e r f a c e  j o i n t s .  

inc lude  low l e v e l  dynamic response determinat ions performed w i t h  t h e  tank 

empty and wi th  var ious  l i q u i d  (water) f i l l  levels. Following modal re- 

sponse t e s t i n g  t h e  tank  w i l l  be subjec ted  t o  u l t ima te  i n t e r n a l  p re s su re  

loads.  (The LO2 tank is s t r u c t u r a l l y  s e n s i t i v e  only t o  internal p res su re  

condi t ions . )  T e s t  d a t a  w i l l  inc lude  dynamic modal da t a ,  strains, def lec-  

tions, pressures ,  and phqtographs. Tes t ing  w i l l  be performed by MDAC-West 

i n  t h e  Wchoud Hydros ta t ic  T e s t  F a c i l i t y ,  

Tes t ing  w i l l  

Dynamic test results are re- 

quired p r i o r  t o  POGO suppression system f i n a l  design and s t r u c t u r a l  test  

r e s u l t s  are requi red  p r i o r  t o  VTO. 

C. I n t e r t ank  Sect ion and Canard Tests - The o b j e c t i v e  of  t h e s e  tests i s  t o  

demonstrate t h e  s t r u c t u r a l  adequacy of t h e  i n t e r t a n k  s t r u c t u r e  and canard. 

The test a r t i c l e  w i l l  c o n s i s t  of t h e  primary s t r u c t u r e  of t h e  i n t e r t a n k  

s e c t i o n  (X1883  t o  X2163) and one canard s t r u c t u r e .  The test art icle w i l l  

be mated t o  test s t r u c t u r e  a t  t h e  i n t e r f a c e  s p l i c e s  us ing  test adapters  

t o  s imula te  attachments t o  t h e  LO2 and LH2 tank  sec t ions .  

gram w i l l  i nc lude  t h e  following tests: 

The test pro- 
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Low Level Dynamic Response 

Nose Landing Gear Backup S t r u c t u r e  T e s t s  

Canard In f luence  Coef f i c i en t s  

Forward Vehicle Interconnect  Backup S t r u c t u r e  Safe-Life T e s t s  

Canard Aerodynamic and ABE Loads and Forward Door and Jet Flap Loads/ 

Compatibil i ty 

D E  Door Compatibi l i ty  

Nose Landing Gear Door Tests 

I n t e r t a n k  S t r u c t u r a l  Loads (Axial Loads and Equipment Loads) 

Test d a t a  w i l l  i nc lude  dynamics modal d a t a ,  l oads ,  s t r a i n s ,  def lec-  

t i o n s ,  and photographs. T e s t s  w i l l  be conducted by MDAC-West i n  the NASA- 

MSFC Building 4619 Load T e s t  annex. T e s t  results are required p r i o r  t o  

HTO 0 

Main LH2 Tank T e s t s  - The o b j e c t i v e  of t h e s e  tests is  t o  demonstrate t h e  D. 

s t r u c t u r a l  dynamics characteristics and t h e  s t r u c t u r a l  adequacy of t h e  

main LH2 tank. 

t ank  w i t h  wing l ead ing  edge attachment and a f t  v e h i c l e  i n t e rconnec t  a t tach-  

ment. The test s e c t i o n  w i l l  encompass t h e  zone from s t a t i o n  X2163 t o  

t o  X3553 s p l i c e  j o i n t s .  

s imulate  t h e  s p l i c e  j o i n t  i n t e r f a c e s .  The following tests w i l l  b e  per- 

formed : 

The test a r t ic le  w i l l  c o n s i s t  of t h e  un insu la t ed  main LH2 

T h e  tank w i l l  be  supported by test f i x t u r e s  which 

Low Level Dynamic Response 

Sa fe  L i f e  Tes t ing  o f  Aft Vehicle Interconnect  S t r u c t u r a l  Support 

M a x i m u m  Axial Loads T e s t s  

U l t i m a t e  I n t e r n a l  Pressure T e s t s  

T e s t  d a t a  w i l l  i nc lude  dynamics modal d a t a ,  l oads ,  s t r a i n s ,  def lec-  

t i o n s ,  and photographs. T e s t s  w i l l  b e  conducted by MDAC-West us ing t h e  
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NASA-MSFC Building 4557 Dynamic T e s t  Stand u t i l i z e d  as a s t r u c t u r a l  test 

base. 

- 

Test ing  must b e  completed p r i o r  t o  HTO. 

E. F in  and Rudder T e s t s  - The o b j e c t i v e  of these tests is  t o  demonstrate 

t h a t  t h e  s t r u c t u r e  is capable of  sus t a in ing  critical. comhinations of loads  

and temperatures which occur during ascent  and a i r p l a n e  f l i g h t .  

t ional.  o b j e c t i v e  is t o  v e r i f y  t h e  adequacy of t h e  rudder and assoc ia ted  

f i n  support  s t r u c t u r e  f o r  t h e  des i r ed  opera t ing  l i f e .  

An addi- 

The test specimen is comprised of t h e  f i n  and rudder primary struc- 

t u r e s  inc luding  binge and ac tua t ion  f i t t i n g s ,  l ead ing  edge segments and a 

rudder segment from t h e  v i c i n i t y  of  t h e  a c t u a t o r  d r ive  r i b .  

The Fin-Rudders w i l l  be i n s t a l l e d  on the test wing of G below. 

rudder segment w i l l  be j i g  mounted t o  provide test specimen support  and 

boundary condi t ion  regula t ion .  

The 

The Fins  and Rudders w i l l  be  subjec ted  t o  the following tests: 

Low Level Dynamic Response 

Maximum Side Load . 

Maximum Rudder Load 

Ascent Maximum Bq 

Leading Edge Compatibi l i ty  

The rudder segment w i l l  demonstrate s a f e  l i f e  adequacy i n  t h e  s t ruc -  

t u ra l ,  thermal,  and a c o u s t i c  environments. T e s t  d a t a  w i l l  inc lude  loads, 

s t r a i n s ,  d e f l e c t i o n s ,  dynamic modes/frequencies, a c o u s t i c  levels, and 

photographs. 

S t ruc tu res  'Laborator ies .  Element tests w i l l  be  conducted by MDAC-West. 

F u l l  system tests w i l l  be conducted i n  t h e  MMG-Baltimore 

The dynamic response, s i d e  and rudder loads ,  and leading  edge tests must 
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G. 

must b e  completed p r i o r  t o  HTO, the ascen t  Bq and 20 pe rcen t  of s a f e  l i f e  

tests must be  completed p r i o r  t o  VTO, and s a f e  l i f e  tests must be  completed 

p r i o r  t o  O.C. 

Landing Gear T e s t s  (Nose and Main) - The o b j e c t i v e  of these tests i s  t o  

demonstrate t h a t  the main and nose landing gear  s t r u c t u r e s  are capable of 

s u s t a i n i n g  c r i t i ca l  combinations of load and temperature a s soc ia t ed  w i t h  

landing, t a x i i n g ,  and turning.  

The test specimens are a nose gear primary s t r u c t u r e ,  support f i t t i n g s  

and mechanisms complete wi th  a c t u a t o r s  and a main landing gear s t r u c t u r e ,  

support  f i t t i n g s  and mechanisms complete w i t h  a c t u a t o r s  f o r  the LH system. 

The test gear  assemblies w i l l  be  i n d i v i d u a l l y  mounted and t h e  

following tests performed: 

J i g  Drop T e s t s :  

Dynamometer Shimmy T e s t  (Nose Gear) 

Braked R o l l  Loads Tests 

Turning Loads T e s t s  (Main Gear) 

Deployment Function Demonstrations 

T e s t  d a t a  w i l l  include load-stroke curves,  loads,  d e f l e c t i o n s ,  

Springback and Reserve Energy 

s t r a i n s ,  dynamic modes and frequencies  (nose),  and photographs. J i g  drop 

tests w i l l  b e  performed by t h e  gear vendor(s) ,  dynamometer tests w i l l  be 

performed on t h e  WPAFB high speed dynamometer, and s t a t i c  tests w i l l  be 

performed i n  MDAC S t r u c t u r e s  Laborator ies ;  a l l  t e s t i n g  must be  completed 

p r i o r  t o  HTO. 

Wing - Aft  Fuselage T e s t s  - The o b j e c t i v e  of these tests is  t o  demonstrate 

t h a t  t h e  s t r u c t u r e  i s  capable  of s u s t a i n i n g  c r i t i ca l  combinations of loads 

and temperatures a s s o c i a t e d  with m a x i m u m  aq, maximum Bq, maximum a x i a l  load 

and engine i g n i t i o n  occurr ing during a scen t ,  maneuver, and landing. 
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The test specimen is the primary s t r u c t u r e  a f t  of X3553 and is 

comprised of an  a f t  tank s k i r t ,  t h r u s t  s t r u c t u r e ,  L.H. wing and wing ca r ry  

through, landing gear  doors, elevon (from H below), and fin-rudders (see 

subparagraph c E above). 

The test s e c t i o n  w i l l  be j i g  mounted wi th  i t s  longitud&nal a x i s  hor i -  

zon ta l  wi th  test f i x t u r i n g  supplying test s e c t i o n  support  and boundary 

condi t ion  cont ro l .  The following tests w i l l  b e  performed: 

Low Level Dynamic Response 

Inf luence  Coeff ic ien ts :  Wing Thruster  and Main Engine Thrust  

S t ruc tu re  

Main Landing Gear Backup S t r u c t u r e  T e s t s  

Wing/Elevon Loading Tests 

Landing Gear and Door T e s t s  

A f t  Fuselage Bending Tests 

Main Engine Loads Tests 

Thrust  S t r u c t u r e  Sa fe  L i f e  Tests 

Wing Fuel Tank Pressure  Loads 

T e s t  Data w i l l  inc lude  loads,  strains, d e f l e c t i o n s ,  v e l o c i t i e s ,  I 

acce le ra t ions ,  and photographs. The tests w i l l  b e  performed by MDAC-West 

i n  the MMC-Baltimore S t r u c t u r a l  T e s t  F a c i l i t y .  Dynamic response,  Wing, 

Elevon, Fin-Rudder, and Landing Gear Backup St ruc ture ,  and Doors tests 

must be  completed p r i o r  t o  HTQ. Fuselage b e d i n g ,  20 percent of s a f e  

l i f e ,  and Main Engine loads  tests m u s t  be  completed prin>r.to VTO. 

l i f e  tests must be complete p r i o r  t o  O.C. 

Elevon Tests - The o b j e c t i v e  of these tests is t o  demonstrate that t h e  

s t r u c t u r e  i s  capable  of s u s t a i n i n g  critical combinations of loads and 

Safe  

H. 
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temperatures a s soc ia t ed  w i t h  en t ry  maneuver and during the a i r p l a n e  f l i g h t  

phase and t o  v e r i f y  t h e  adequacy f o r  t h e  des i red  opera t ing  l i f e .  

T e s t  Specimen Descr ip t ion  - The test specimen is the L/H elevon 

primary s t r u c t u r e  complete wi th  hinge and ac tua t ion  f i t t i n g ;  the specimen 

f o r  the l i f e  test  w i l l  be  a sec t ion  of t h e  elevon surrounding t h e  actua- 

t i o n  r i b .  

The test elevon w i l l  be  mounted on the wing of the wing-aft fuse lage  

test sec t ion  descr ibed i n  G above. 

mounted t o  provide test specimen support  and boundary condi t ion r egu la t ion .  

The elevon sec t ion  tests w i l l  be  j i g  

The elevon w i l l  be subjec ted  t o  the  following tests i n  conjunct ion 

with wing loading tests: 

Low/Level Dynamic Response 

Maximum +;I 

M a x i m u m  -4 
Wing Compatibi l i ty  Demonstration 

The elevon s e c t i o n  w i l l  be used t o  demonstrate s a f e  l i f e  adequacy 

f o r  tnermal, acous t ic ,  and s t r u c t u r a l  loadings.  T e s t  da t a  w i l l  inc lude  

loads,  s t r a i n s ,  de f l ec t ions ,  v e l o c i t i e s ,  acce l e ra t ions ,  acous t i c  l e v e l s ,  

temperatures,  and photographs. The elevon w i l l  be t e s t e d  i n  conjunct ion 

with wing tests a t  MMC-Baltimore S t r u c t u r a l  T e s t  F a c i l i t y .  

tests w i l l  be  accomplished i n  MDAC Thermal/Structural  T e s t  Labor 

The wing compat ib i l i ty ,  Maximum -4, and elevon dynamics tests 

completed p r i o r  t o  HTO; Maximum +G and 20 percent  of s a f e  l i f e  tests must 

be complete p r i o r  t o  VTO; and s a f e  l i f e  demonstrations must be completed 

before  O.C. 

Elevon sec t ion  

I. Thermal Pro tec t ion  System T e s t s  - The ob jec t ive  of these tests is t o  

demonstrate s t r u c t u r a l  c a p a b i l i t y  of t h e  test articles and that s t r u c t u r a l  
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design goals  have been achieved. 

support  s t r u c t u r e  must demonstrate r euse  c a p a b i l i t y  f o r  simulated environ- 

ment missions inc luding  loads,  temperatures,  and acous t i c  e x c i t a t i o n  from 

l i f t  o f f ,  ascent  maximum aq, ascent  shock in t e r f e rence ,  ascent  vent  l a g  

The TPS hea t  s h i e l d  panels and r e l a t e d  

pressure,  e n t r y  condi t ion,  a i r p l a n e  c r u i s e  phase, l snding  and ground 

opera t ions .  

The test specimens are comprised o f  TPS hea t  s h i e l d  panels,  t rans-  

verse support  beams, panel r e t a i n e r s ,  support  s t r u t s ,  and drag  l i n k s .  The 

tes t  specimens w i l l  c o n s i s t  of p a i r s  of TPS panels  w i t h  a t r ansve r se  j o i n t  

between them. It is an t i c ipa t ed  t h a t  approximately 20% of t h e  TPS w i l l  be  

evaluated . 
The tes t  specimens w i l l  be subjec ted  t o  low l e v e l  dynamic response 

tests t o  determine panel modes and frequencies .  

subjec ted  t o  repeated exposures s imulat ing t h e  condi t ions  of acous t i c  

environments and f l i g h t  abso lu t e  pressures  and p res su re  d i f f e r e n t i a l s  w i t h  

hea t .  

The panels  w i l l  then  be 

T e s t  da t a  w i l l  inc lude  pressures ,  a c o u s t i c  l e v e l s ,  strains, def lec-  

t i ons ,  temperatures,  panel dynamic response, and photographs. 

T e s t  r e s u l t s  w i l l  b e  used t o  v e r i f y  t h e  a n a l y t i c a l  p red ic t ions  and 

c o r r e l a t e  r e s u l t s  from design-development tests. T e s t s  w i l l  be conducted 

i n  MDAC Thermal-Structural  and Acoust ic  T e s t  Laborator ies .  

m u s t  b e  completed p r i o r  t o  O.C. w i th  adequate t e s t i n g  completed t o  a s s u r e  

f l i g h t  s a f e t y  p r i o r  t o  HTO and VTO f l i g h t s .  

A l l  t e s t i n g  

J. ABES Fuel Tank T e s t s  - The o b j e c t i v e  of these tests is t o  e s t a b l i s h  the 

dynamics characteristics and the s t r u c t u r a l  adequacy of the ABES f u e l  tank. 
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The test ar t ic le  w i l l  be a s i n g l e  ABES f u e l  tank  with its support ing 

f i t t i n g s .  

performed : 

The tank w i l l  be mounted i n  a test j i g  and the following tests 

Low Level Dynamic Response 

Accelerat ion Loads 

Pressure  Loads 

T e s t  da t a  w i l l  inc lude  dynamics da t a ,  loads ,  s t r a i n s ,  d e f l e c t i o n s ,  

p ressure ,  and photographs. T e s t s  w i l l  be conducted i n  MDAC S t r u c t u r a l  

T e s t  F a c i l i t i e s .  T e s t  r e s u l t s  are required p r i o r  t o  HTO. 

5.1.7.3 

Landing Subsystems - Gear extension and operat ions are v e r i f i e d  using both 

P r e f l i g h t  Acceptance Tests - Airframe Structure/Mechanical 

primary and redundant modes of ac tua t ion .  

s imula te  f a i l u r e s  of t he  primary systems. 

To exe rc i se  backup modes, GSE i s  used t o  

Mechanical - Mechanical subsystems - sepa ra t ion  and aerodynamic con t ro l  sur-  

faces  - w i l l  be cycled through t h e i r  opera t ing  modes. F i t ,  al ignment,  and function- 

a l  checks w i l l  be  performed. External  GSE w i l l  b e  used t o  support  t h e s e  tests. 

Redundant opera t ing  modes of t he  sepa ra t ion  subsystems w i l l  b e  checked by the  DMS 

and GSE s imula tors .  

5.1.7.4 F l i g h t  T e s t  Demonstrations 

S t ruc tu res  - S t r u c t u r a l  and f l i g h t  loads t e s t i n g  of t h e  boos te r  i n  t h e  subsonic 

f l i g h t  regime w i l l  b e  similar t o  cu r ren t  l a r g e  a i r p l a n e  t e s t i n g .  

gram w i l l  be  reduced i n  scope, s i n c e  many of t h e  f l i g h t  des ign  condi t ions  occur 

However, t h e  pro- 

during ascent  and e n t r y  mission phases. S t r a i n  gage instrumentat ion f o r  t he  mea- 

surement of ho r i zon ta l  f l i g h t  loads w i l l  be  c a l i b r a t e d  by ground loads a p p l i c a t i o n  

p r i o r  t o  f l i g h t .  Due t o  schedule  c o n s t r a i n t s ,  boos te rs  S/N 2 and 3 w i l L  

a l s o  be  instrumented f o r  t h e  measurement of f l i g h t  loads ,  t o  acqu i r e  ascent  and 
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en t ry  loads  da ta .  F l i g h t  loads d a t a  w i l l  be  obtained during a series of f l i g h t  

maneuvers throughout t h e  boos te r  a i r p l a n e  f l i g h t  envelope, bu i ld ing  up t o  the  

most cr i t ical  test condi t ions .  

and push-overs, r o l l i n g  pul l -outs ,  s teady s i d e s l i p s ,  rudder k i cks ,  and bo th  c lean  

The maneuvers w i l l  inc lude  symmetrical pull-ups 

and approach conf igura t ion  maximum v e l o c i t y  condi t ions.  

analyzed, ex t rapola ted ,  and compared t o  pred ic ted  va lues  t o  v e r i f y  t h e  adequacy of 

The loads d a t a  w i l l  be 

t h e  design loads  and s t r u c t u r a l  margins. S u f f i c i e n t  t e s t i n g  t o  e s t a b l i s h  a high 

degree of confidence i n  t h e  design margins a s soc ia t ed  with the  cruiseback and 

landing f l i g h t  envelope w i l l  b e  completed p r i o r  t o  f i r s t  manned o r b i t a l  f l i g h t .  

The absence of aerodynamic f l u t t e r  and t h e  a c c e p t a b i l i t y  of ae ro -e l a s t i c  

s t r u c t u r a l  response during c r u i s e  f l i g h t  and landing w i l l  be  v e r i f i e d  concurrent ly  

with o the r  f l i g h t  ob jec t ives ,  such as t h e  prel iminary eva lua t ion  and s t r u c t u r a l  

f l i g h t  load t e s t i n g .  S p e c i f i c  f l u t t e r  t e s t i n g  u t i l i z i n g  exciter systems is not  

planned, s i n c e  t h e  design f l u t t e r  f l i g h t  condi t ions w i l l  occur during ascent  a t  

Mach No./dynamic pressure  condi t ions  w e l l  beyond those a t t a i n a b l e  i n  a i r p l a n e  

f l i g h t  . 
The s t r u c t u r a l  v i b r a t i o n  and acous t i c  environment levels w i l l  b e  measured 

during t akeof f ,  landing,  and most cr i t ical  a i r p l a n e  f l i g h t  condi t ions  t o  v e r i f y  

design levels. Pressure  d a t a  w i l l  b e  obtained f o r  s e l e c t e d  i n t e r n a l  areas f o r  

vent ing analyses.  This  t e s t i n g  w i l l  be  concurrent  wi th  o t h e r  h o r i z o n t a l  f l i g h t  

tests. 

The vertical  f l i g h t  test program w i l l  b e  planned t o  progress  i n  a bui ldup 
. -  

manner from less cr i t ical  t o  nominal f l i g h t  condi t ions.  T-rajectory and 

mission planning techniques w i l l  b e  employed t o  keep t h e  s t r u c t u r a l  loads ,  e n t r y  

hea t ing , ' and  a t t i t u d e  c o n t r o l  limits w e l l  w i t h i n  t h e  boos te r  des ign  l i m i t s .  Incre-  

mental  i nc reases  i n  s e v e r i t y  w i l l  be  employed i n  subsequent f l i g h t s .  
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The v e r t i c a l  f l i g h t  test boos ter  (S/N 3) w i l l  b e  ex tens ive ly  instrumented 

wi th  s t r a i n  gages, accelerometers ,  p ressure  t ransducers ,  thermocouples, etc.,  f o r  

t he  measurement of s t r u c t u r a l  loads and environment during launch, a scen t ,  and 

en t ry .  S t r a i n  gage l o c a t i o n  and c a l i b r a t i o n  loading techniques w i l l  be the  same 

as i n  the  f i r s t  h o r i z o n t a l  f l i g h t  test boos ter  (S/N 1 )  whenever poss ib le .  The 

loads d a t a  w i l l  b e  analyzed and ex t rapola ted ,  and compared t o  pred ic ted  values  

t o  v e r i f y  the  adequacy of t he  des ign  loads and s t r u c t u r a l  margins. 

cons idera t ion  w i l l  be  given t o  ve r i fy ing  t h a t  t h e  a c t u a l  l ong i tud ina l  loads ,  bend- 

Spec i f i c  

ing  moments, and wing shear  loads are wi th in  t h e  veh ic l e  capab i l i t y .  

I g n i t i o n  and ascent  v i b r a t i o n  and acous t i c  environments w i l l  be monitored t o  

v e r i f y  t h a t  t h e r e  is no s t r u c t u r a l  damage p o t e n t i a l  i nhe ren t  i n  the  coupling 

between t h e  p rope l l an t  feed systems and s t r u c t u r a l  o s c i l l a t i o n s  (POGO). Base heat-  

i ng  and base  p re s su re  environments w i l l  be  v e r i f i e d .  Venting c h a r a c t e r i s t i c s  f o r  

nonpressure-vessel compartments w i l l  a l s o  be v e r i f i e d .  I n  add i t ion ,  t he  absence of 

aerodynamic f l u t t e r  and the  a c c e p t a b i l i t y  of a e r o e l a s t i c  s t r u c t u r a l  response during 

a scen t ,  en t ry ,  and t r a n s i t i o n  w i l l  be  v e r i f i e d .  

The f u n c t i o n a l  mechanical opera t ion  of con t ro l  su r f aces ,  f l a p s ,  p r o t e c t i v e  

doors and shrouds,  landing gear  extension,  e t c . ,  i n  t h e i r  most cr i t ical  f l i g h t  

environments during a scen t ,  en t ry ,  and cruiseback and landing w i l l  b e  v e r i f i e d  

concurrent ly  during t h e  normal course of t he  vertical and h o r i z o n t a l  f l i g h t  test 

programs. The absence of undes i rab le  e f f e c t s  due t o  a c t u a l  and previous mission 

environmental condi t ions  w i l l  b e  v e r i f i e d .  

Landing and Decelera t ion  - The b r i e f  p r e f l i g h t  t a x i  eva lua t ion  of landing 

gear  func t iona l  opera t ion  i s  descr ibed above. 

r equ i r ed  t o  develop and v e r i f y  t h e  performance of t he  wheels, b rakes ,  and a n t i s k i d  

system and t h e  o v e r a l l  s t r e n g t h  and adequacy of t h e  landing gear  and t h e i r  backup 

s t r u c t u r e .  

Fur ther  dedicated t e s t i n g  w i l l  b e  

The necessary da t a  w i l l  b e  obtained during t h e  test  hours a l l o c a t e d  t o  
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takeoff and landing performance and the  automatic landing system, i n  add i t ion  t o  

t h e  dedicated f l i g h t  hours l i s t e d  i n  Paragraph 7.4. Landing gear  and s t r u c t u r a l  

loads d a t a  w i l l  be  obtained during t a x i ,  braking,  and a c t u a l  landing condi t ions ,  

t o  v e r i f y  s t r u c t u r a l  adequacy. 

manned o r b i t a l  f l i g h t .  

and a n t i s k i d  subsystems, a f t e r  exposure t o  t h e  v i b r a t i o n ,  a i r l o a d ,  and h e a t  envi- 

This t e s t i n g  w i l l  b e  completed p r i o r  t o  t h e  f i r s t  

S a t i s f a c t o r y  func t iona l  opera t ion  of the  wheels, brakes,  

ronments imposed by vertical  opera t ions ,  w i l l  be  demonstrated. 

c o r r e l a t e d  wi th  h o r i z o n t a l  f l i g h t  test r e s u l t s  f o r  v e r i f i c a t i o n  purposes. 

Data w i l l  be  

Thefmal P ro tec t ion  System - The thermal environment imposed by the  air- 

brea th ing  engines and t h e  a u x i l i a r y  power u n i t s  (APU) and t h e i r  exhausts  on ad- 

j a c e n t  s t r u c t u r e s  a t  var ious  power s e t t i n g s  during t akeof f ,  landing,  and a i r p l a n e  

f l i g h t  w i l l  b e  measured concurrent ly  wi th  o the r  ho r i zon ta l  f l i g h t  test ob jec t ives .  

This d a t a  w i l l  b e  u t i l i z e d  t o  v e r i f y  t h e  adequacy of t h e  thermal p ro tec t ion  system 

i n  those  areas. 

A l a r g e  number of temperature sensors  w i l l  be  i n s t a l l e d  t o  measure e x t e r n a l  

and i n t e r n a l  s t r u c t u r a l  temperatures during launch, a scen t ,  and en t ry .  

w i l l  be  c o r r e l a t e d  wi th  wind tunnel  da t a  and des ign  ana lyses  t o  v e r i f y  t h e  cor rec t -  

ness  of t h e  p red ic t ed  aerothermodynamic flow e f f e c t s  and t h e  r e s u l t i n g  thermal 

environments, and t h e  adequacy of t h e  thermal p ro tec t ion  system. 

This d a t a  

Tra jec tory  shap- 

ing  of t h e  i n i t i a l  f l i g h t  p r o f i l e  t o  experience less-than-nominal temperature con- 

d i t i o n s  is planned. Should t h i s  prove imprac t icable ,  t h e  i n s t a l l a t i o n  of addi t ion-  

a l  thermal p r o t e c t i o n  on t h e  f l i g h t  test boos ter  (S/N 3) t o  p r o t e c t  a g a i n s t  unpre- 

d i c t e d  hea t ing  d i s t r i b u t i o n s  and l o c a l  h o t  spo t s ,  w i l l  b e  considered. Once s u f f i -  

c i e n t  confidence i n  t h e  temperature d i s t r i b u t i o n  is a t t a i n e d ,  subsequent f l i g h t s  

w i l l  i nc rease  t h e  aeroheat ing levels t o  nominal condi t ions .  
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The e f f e c t s  on ad jacent  s t r u c t u r e  of the  imposi t ion of launch, a scen t ,  and 

e n t r y  h e a t  loads i n  a d d i t i o n  t o  t h e  thermal loads of t he  a i rb rea th ing  engines and 

a u x i l i a r y  power u n i t s  w i l l  b e  evaluated during t h e  cruiseback and landing phase of 

v e r t i c a l  f l i g h t s .  

B5.1-61 



MDC E0308 
30 June 7971 

S p a ~ e  PART 111-5 
TEST 

5.2 Propulsion Group - The Booster propuls ion group i s  comprised of t h e  main 

propulsion system, t h e  a t t i t u d e  c o n t r o l  propuls ion system, t h e  a i r b r e a t h i n g  engine 

system and t h e  a u x i l i a r y  power systems. 

t i onsh ip  between these  systems tests is  presented i n  Figure 5.2-1. 

A summary c h a r t  dep ic t ing  t h e  i n t e r r e l a -  

5.2.1 Booster Main Propulsion Svstem 

5.2.1.1 Booster Main Propuls ion System Descript ion - The main propuls ion sys- 

t e m  is  made up of engines,  p r o p e l l a n t  tanks,  l i n e s ,  valves, and miscellaneous hard- 

ware t o  provide t h e  Booster main impulsive energy. The main engines w i l l  be  high 

p res su re  LOXJLH2 engines which w i l l  be GFE equipment. 

are s t o r e d  i n  p r o p e l l a n t  tanks with independent ground p rep res su r i za t ion  and engine- 

The main engine p r o p e l l a n t s  

b l e d  f l i g h t  p re s su ran t  gases. 

mixture r a t i o .  Residuals  are minimized by appropr i a t e  loading techniques.  Each 

engine i s  fed by an independent LHZ feed l i n e .  

s i n g l e ,  branched LOX downcomer feed l i n e .  P r o p e l l a n t s  are con t ro l l ed  by f i l l ,  

The p r o p e l l a n t  masses are burned a t  a constant  engine 

S i x  (6) engines are suppl ied by a 

d r a i n ,  ven t  and r e l i e f  valves  as appropriate .  Valve a c t u a t i o n  c o n t r o l  and low 

volume purges are provided by a regulated p res su re  helium c o n t r o l  pneumatic system. 

The gas s t o r a g e  f o r  t he  s t a g e  pneumatic system is  common f o r  another  r egu la t ed  

helium supply system which s u p p l i e s  t h e  engines with purge gases.  A schematic of 

t h e  main propuls ion system is presented i n  Figure 5.2-2. A schedule of t h e  main 

propuls ion system tests i n  presented i n  Figure 5.2-3. 

5.2.1.2 Test Requirements and J u s t i f i c a t i o n  - Booster main propuls ion system 

test requirements and j u s t i f i c a t i o n  are presented i n  Figure 5.2-4. 

5.2.1.3 T e s t  Approach and Rat ionale  

5.2.1.3.1 Spec ia l  Engine Manufacturer T e s t s  

T e s t  Hardware: The following hardware w i l l  b e  made a v a i l a b l e  t o  t h e  engine 

manufacturer as soon as t h e  f i r s t  production hardware can b e  made a v a i l a b l e .  

1 )  Hydraulic a c t u a t o r s ;  2) POGO suppression accumulators; 3 )  Bleed p r e s s u r i z a t i o n  

B5.2-1 
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MAIN PROPULSION SYSTEM TEST 'REQUIREMENTS 

TEST REQUIREMENT JUSTIFICATION 

Pneumatic Control - The a b i l i t y  
of  t h e  pneumatic system t o  supply 
adequate p re s su re  and flow a t  a l l  
t i m e s  f o r  v e h i c l e  systems compo- 
nent  a c t u a t i o n  c o n t r o l  and purg- 
i n g  and f o r  engine c o n t r o l  and 
purging ( inc lud ing  redundancy 
mode c a p a b i l i t y )  s h a l l  b e  demon- 
s t ra t  ed. 
Main P rope l l an t  Tanks Pressuriza-  
t i o n  and Vent - Ground c o n t r o l l e d  
tank p r e s s u r i z a t i o n  (during main- 
tenance checkout , p r o p e l l a n t  
loading p r e p r e s s u r i z a t i o n  and 
purging) and f l i g h t  con t ro l l ed  
tank p r e s s u r i z a t i o n  (boost 
f l i g h t ,  c o a s t ,  r e e n t r y ,  c r u i s e  
and landing)  s h a l l  b e  demonstrated 
t o  b e  w i t h i n  component and system 
s p e c i f i c a t i o n s .  This s h a l l  in- 
c lude redundancy v e r i f i c a t i o n .  
Main P rope l l an t  Tank F i l l ,  Drain 
Dump and Engine P rope l l an t s  Feed - 
Prope l l an t  system f i l l  rates , 
level  c o n t r o l ,  an t i -vo r t ex  e f f ec -  
t i v e n e s s ,  LB2 tank i n s u l a t i o n  
c h a r a c t e r i s t i c s  , and p r o p e l l a n t  
NPSP requirements a t  the  engines 
i n t e r f a c e s  ( inc lud ing  t r a n s i e n t  
e f f e c t s  caused by engine shutdown 
s imula t ing  an i n f l i g h t  f a i l u r e )  
s h a l l  be  demonstrated. 
Main Engines - The compa t ib i l i t y  
of  t h e  engine t o  v e h i c l e  mechani- 
cal  e lec t r ica l ,  avionics  , f l u i d ,  
gas and performance i n t e r f a c e ,  in- 
c luding redundancy v e r i f i c a t i o n  
s h a l l  b e  demonstrated w i t h i n  t h e  
limits p o s s i b l e  by ground t e s t i n g .  
Engine t h r o t t l i n g  e f f e c t s  on t h e  
v e h i c l e  systems s h a l l  b e  demon- 
s t r a t e d  f o r  minimum and maximum 
power levels. 
Acceptance tests of  t h e  main pro- 
pu l s ion  subsystems are r equ i r ed  
a f t e r  i n s t a l l a t i o n  of components, 
engines ,  t anks ,  and interconnect-  
ing tubing, p ip ing  and cabl ing.  
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To provide assurance t h a t  t h e  pneu- 
matic system w i l l  perform acceptably 
during a l l  conceived demand require-  
ments. 

Verify t h a t  p r e d i c t i o n s  of back pres- 
s u r e  of  vent systems , p r e s s u r i z a t i o n  
rates , c o l l a p s e  f a c t o r s  , and r e s i d u a l  
gas masses are w i t h i n  p red ic t ed  and 
allowable performance to l e rances .  

Verify t h a t  f i l l  rate c a p a b i l i t y  i s  
compatible w i t h  required rescue re- 
sponse t i m e .  Verify vortexing sup- 
p re s s ion  is  adequate a t  a l l  p rope l l an t  
levels t o  minimize r e s i d u a l s  , and 
v e r i f y  t h a t  engine t o  veh ic l e  C E I  
s p e c i f i c a t i o n s  and I C D  requirements 
w i l l  b e  m e t  during f l i g h t .  

The engine w i l l  b e  government fur- 
nished i t e m  which must b e  i n t e g r a t e d  
i n t o  t h e  v e h i c l e  without  degradation 
t o  t h e  engine.  

Required t o  v e r i f y  t h a t  t h e  main pro- 
pu l s ion  subsystems have been properly 
i n s t a l l e d  and e x h i b i t  accep tab le  per- 
formance c h a r a c t e r i s t i c s .  

FIGURE 5.2-4 
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c o n t r o l  devices;  4 )  Engine a t t ached  s e c t i o n s  of h e a t  s h i e l d .  

T e s t  Object ives  : 

o 

o Access a c t u a t o r  c o n t r o l  c h a r a c t e r i s t i c s  during t h e  start t r a n s i e n t .  

o 

Verify compa t ib i l i t y  o f  s t a g e  hardware t o  engine system. 

Provide prel iminary d a t a  on e f f e c t i v e n e s s  of  POGO suppression device t o  de- 

couple t h e  s t a g e  and engine s y s  t e m  c h a r a c t e r i s  t ics.  

Provide engine manufacturer w i t h  d a t a  on s t r u c t u r a l  loads imposed by s t a g e  

hardware ( a c t u a t o r s  and h e a t  s h i e l d ) .  

o 

T e s t  Approach: The purpose o f  t h e s e  tests are t o  provide a maximum of ex- 

change of information between t h e  s t a g e  and engine manufacturer. The above hard- 

ware would b e  de l ive red  t o  support  s p e c i f i c  test requirements agreed upon between 

t h e  engine and s t a g e  c o n t r a c t o r s  and t h e  NASA. 

Rationale:  These tests information are s i g n i f i c a n t  t o  both t h e  engine and 

s t a g e  manufacturer and can be  accomplished earlier by t h e  engine manufacturer. 

5.2.1.3.2 Propuls ion I n t e g r a t i o n  T e s t  

T e s t  Art ic le :  The app l i cab le  p o r t i o n  of t h e  f i r s t  product ion v e h i c l e  t o  be  

manufactured w i l l  be  t h e  test art icle.  It w i l l  b e  a complete v e h i c l e  except t h a t  

t h e  wings, canard,  a i r b r e a t h i n g  engines ,  guidance platform,  and h o r i z o n t a l  f l i g h t  

cockpi t  d i sp l ays  may be  omitted.  

a b l e  w i r i n g  terminat ions and pneumatic, hydrau l i c ,  p r o p e l l a n t ,  and s t r u c t u r a l  clo- 

s u r e s  w i l l  b e  e f f e c t e d  a t  t h e  i n t e r f a c e s  of  a l l  omit ted i t e m s .  Some TPS areas w i l l  

b e  modified o r  s u b s t i t u t e d  f o r  t h e  tests, as needed t o  provide p r o t e c t i o n  of t h e  

Main engines w i l l  be  prototype assemblies.  Su i t -  

b a s i c  s t r u c t u r e  from t h e  inc reased  exposure t o  ground-reflected acous t i c s .  

T e s t  Obj ect ives 

o E s t a b l i s h  t h e  compa t ib i l i t y  o f  t h e  v e h i c l e ,  f a c i l i t y ,  and GSE and t h e i r  

c a p a b i l i t y  t o  provide c o n t r o l l e d  v e h i c l e  pneumatics and l i q u i d  and gaseous 

p r o p e l l a n t  loadings and unloadings inc lud ing  maximum loading rates requ i r ed  
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f o r  a minimum launch countdown t i m e .  

o Demonstrate p r o p e l l a n t  tank s a f i n g  techniques.  

o Demonstrate simultaneous p r o p e l l a n t  loading c a p a b i l i t y  including minimum 

p r o p e l l a n t  loading t i m e .  

o Es t ab l i sh  t h e  adequacy of  t h e  purge f o r  t h e  p r o p e l l a n t  tank annulus t o  

maintain an i n e r t e d  atmosphere and keep component temperatures w i t h i n  

s p e c i f i c a t i o n  ope ra t iona l  limits. 

o Determine t h e  accu rac i e s  of t h e  p rope l l an t  tank level sensors  ( including over- 

f i l l  s enso r s )  and t h e  c a p a b i l i t y  of t he  GSE t o  maintain proper l i q u i d  levels. 

Determine t h e  hea t  l e a k  and b o i l o f f  c h a r a c t e r i s t i c s  of t h e  LH2 tank (sur- 

f a c e  a g i t a t i o n  and u l l a g e  back p res su re  from t h e  vent system). 

Determine LO2 and LH2 p rep res su r i za t ion  rates and d e f i n e  change i n  l i q u i d  

level due t o  p r e s s u r i z a t i o n .  E s t a b l i s h  t h e  e f f e c t i v e n e s s  of t h e  main tank 

p r e s s u r i z a t i o n  d i f f u s e r  and compare t h e  u l l a g e  gas c o l l a p s e  f a c t o r  t o  pre- 

d i c t e d  values.  

Verify s a t i s f a c t o r y  engine feed system chilldown and n e t  p o s i t i v e  s u c t i o n  

p r e s s u r e  (NPSP) c h a r a c t e r i s t i c s  f o r  engine p r e s t a r t  , 

o 

o 

o 

o Demonstrate t h e  c a p a b i l i t y  of t he  APU t o  supply e l e c t r i c a l  and hydrau l i c  

power f o r  t h e  v e h i c l e  requirements. 

o Demonstrate t h e  a b i l i t y  of t h e  engine a c t u a t o r s  t o  c o n t r o l  engine p o s i t i o n  

throughout t h e  f l i g h t  gimbal angle  envelope. 

o Verify t h e  compa t ib i l i t y  of  t h e  ACPS engines w i t h  s t r u c t u r e  and avionics .  

o Demonstrate s a t i s f a c t o r y  LOX feed l i n e  c i r c u l a t i o n  (NPSP and lack of 

geyser ing) .  

Verify t h a t  engine s tar t  and shutdown t r a n s i e n t  cond i t ions  are w i t h i n  al- 

lowables ( i .e . ,  NPSP, flow o f  t h e  GO2, GH2 and helium, electrical power, 

o 
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and av ion ic s  o p e r a t i o n a l  c h a r a c t e r i s t i c s ) .  

Verify t h e  c h a r a c t e r i s t i c s  of  t h e  t h r u s t  s t r u c t u r e  loading p r o f i l e .  

Determine t h e  p r e s s u r e  c o n t r o l  c h a r a c t e r i s t i c s  of  t h e  main t anks  du r ing  t h e  

o 

o 

start t r a n s i e n t .  

Verify t h e  c a p a b i l i t y  of  t h e  pneumatic c o n t r o l  and purge systems. o 

o Demonstrate t h e  engine a c t u a t o r  p o s i t i o n i n g  c o n t r o l  during t h e  s t a r t ,  low 

level t h r u s t  and s h u t  down t r a n s i e n t s  . 
o Verify vehicle-structure-to-engine dynamic coupling response w i t h i n  t h e  

l i m i t a t i o n s  imposed by veh ic l e  holddown. 

o Verify engine and v e h i c l e  main propuls ion system performance at r a t e d  and 

reduced t h r u s t .  

o Verify s a t i s f a c t o r y  vehicle system response and f u e l  supply characteristics 
# 

during a s i n g l e  engine shutdown. 

o Verify performance of t h e  dep le t ion  sensors .  

o Verify engine and v e h i c l e  compa t ib i l i t y  during maximum-rate gimballing re- 

sponse. 

o Verify engine and v e h i c l e  main propuls ion system performance a t  emergency 

power level. 

Test Approach: Tes t ing  i s  divided i n t o  cold flow tests and ho t  f i r i n g  tests 

and are descr ibed below. A schedule  of t h e  proposed main propuls ion i n t e g r a t i o n  

tests i s  shown i n  Figure 5.2-5. The proposed test o u t l i n e  al lows a p rogres s ive  

incremental  system i n t e g r a t i o n  a t  a minimum r i s k  and c o s t .  Before each test  t h e  

s t a g e  w i l l  complete t h e  same checkout and p r e t e s t  purges as r equ i r ed  f o r  a launch. 

Following each test t h e  s t a g e  w i l l  b e  secured and maintenance performed u t i l i z i n g  

t h e  same fac i l i t i es  and equipment as f o r  launch turn-around. A development 

in s t rumen ta t ion  system w i l l  be  i n s t a l l e d  t o  complement t h e  ope ra t iona l  instrumenta- 

t i o n .  
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(1) P rope l l an t  Loading T e s t  No.  1 - The i n i t i a l  p r o p e l l a n t  loading test w i l l  

v e r i f y  t h e  proper  funct ioning of t h e  p r o p e l l a n t  systems and components i n  an opera- 

t i o n a l  mode including v e r i f i c a t i o n  of av ion ic s  and compa t ib i l i t y  w i th  propuls ion 

components. 

and t h e  LO 2 

P r o p e l l a n t  flow rates w i l l  be s i g n i f i c a n t l y  reduced from design rates, 

and LH2 p r o p e l l a n t  tanks w i l l  not be  loaded simultaneously.  The pneu- 

m a t i c  system w i l l  be charged and v e r i f i e d  func t iona l  be fo re  t h e  LOX loading begins.  

Once t h e  LO2 tank has  been f i l l e d ,  including t h e  ACPS LOX tank, a f u n c t i o n a l  test 

w i l l  be  performed on those components a f f e c t e d  by t h e  LO2 and which can be  operated 

s a f e l y .  The LO2 systems w i l l  then be  unloaded and purged, including t h e  ACPS LH2 

tank and a f u n c t i o n a l  test performed on those components a f f e c t e d  byLH2 which can 

be operated s a f e t y .  The LH2 tanks w i l l  then be drained and purged. 

The GO2 and GH2 accumulators i n  t h e  ACPS w i l l  b e  charged, vented, and then 

purged, following t h e  l i q u i d  p r o p e l l a n t  tests. 

(2) P rope l l an t  Loading T e s t  No.  2 - A set  of s m a l l  v i b r a t e r s  (shakers) w i l l  be  

a t t ached  t o  t h e  s t a g e  be fo re  t h e  second cold flow test. A f t e r  e r e c t i o n  onto t h e  

modified LUT t h e  s t a g e  w i l l  b e  e x c i t e d  by t h e s e  shakers  t o  eva lua te  t h e  s t a g e  

damping c h a r a c t e r i s t i c s  and modal shapes. 

The second p rope l l an t  loading test w i l l  b e  conducted similar t o  t h e  first test 

except t h a t  t h e  p r o p e l l a n t  flow rates s h a l l  b e  a t  t h e i r  maximum design condi t ions.  

P rope l l an t  sensing c o m p a t i b i l i t y  and av ion ic s  c o n t r o l  c a p a b i l i t y  a t  t h e s e  maximum 

flow rates w i l l  be  demonstrated. The LOX w i l l  n o t  b e  unloaded be fo re  t h e  LH2 f i l l  

i n  order  t h a t  t h e  p r o p e l l a n t s  may be unloaded simultaneously.  During t h e  simulta- 

neous p r o p e l l a n t  unloading t h e  shakers  w i l l  be e x c i t e d  i n  order  t o  e s t a b l i s h  s t a g e  

damping as a func t ion  of p r o p e l l a n t  level. 

Af t e r  main propuls ion cryogenics have been unloaded and t h e  ACPS-AP:J common 

gaseous p r o p e l l a n t  accumulators are s t i l l  p res su r i zed ,  t h e  0 -H APU system w i l l  be 2 2  
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s t a r t e d .  Ground suppl ied GO2 and GH s u p p l i e s  w i l l  be  terminated allowing t h e  ACPS 2 
p r o p e l l a n t  cond i t ione r s  t o  ope ra t e  and recharge t h e  ACPS gas supp l i e s .  Electrical 

power w i l l  be  t r a n s f e r r e d  from t h e  ground supply t o  t h e  v e h i c l e  source and v e h i c l e  

hydrau l i c s  w i l l  be used t o  p o s i t i o n  t h e  main engines over  t h e i r  maximum gimbal 

ang le  range. The JP-fueled APU combustor t u r b i n e  power source w i l l  be  s t a r t e d  and 

power t r a n s f e r r e d  from t h e  0 -H system t o  t h e  JP-fueled system. 

s h u t  down and ground electrical power supply r ees t ab l i shed .  

i n s t a l l e d  w i l l  be f i r e d  f o r  a minimum p u l s e  durat ion.  

The APU w i l l  be  2 2  

Each ACPS engine 

The ACPS cryogenic s t o r a g e  

tanks w i l l  be drained and purged. 

t hen  b e  vented and purged. 

be fo re  t h e  f i r s t  f i r i n g  test. 

The ACPS-APU common gaseous p rope l l an t  tanks w i l l  

The shakers  u t i l i z e d  during t h i s  test w i l l  be removed ' 

( 3 )  Engine F i r i n g  T e s t  No. 1 - The p rope l l an t  loading f o r  t h i s  test w i l l  be  a t  

nominal flow rates. The two p r o p e l l a n t s  w i l l  b e  loaded simultaneously,  s imilar  t o  

a launch countdown. It is d e s i r a b l e  t h a t  only a small f r a c t i o n  of t h e  main propel- 

l a n t s  be loaded f o r  t h e  f i r s t  f i r i n g ,  s i n c e  t h i s  f i r i n g  w i l l  be  scheduled f o r  only 

a 10-second dura t ion  a t  a reduced t h r u s t  level. However, i t  may be d e s i r a b l e  t o  

f i l l  t h e  p r o p e l l a n t  tanks,  i n  cons ide ra t ion  of t h e  t i m e  r equ i r ed  t o  p rep res su r i ze  

a l a r g e  u l l age  volume and i n  o rde r  t o  m e e t  t h e  s t a r t  t r a n s i e n t  NPSP.requirements. 

A component func t iona l  check w i l l  b e  completed fol lowing p rope l l an t  loading. 

A s t a g e  f i n a l  launch countdown sequence w i l l  b e  i n i t i a t e d  including s t a r t i n g  APU's 

and switching t o  i n t e r n a l  power. Main engine start  w i l l  b e  i n i t i a t e d  u t i l i z i n g  t h e  

proposed engine start launch s t agge r ing  sequence. 

t h e  50% level  t o  eva lua te  NPSP start  t r a n s i e n t s  and provide minimum t h r u s t  s t r u c -  

t u r e  loading. 

onds. The s h o r t  durat ion test w i l l  allow a d e t a i l e d  eva lua t ion  t o  b e  made of t h e  

s t a g e  and GSE and f a c i l i t y  systems c a p a b i l i t y  be fo re  s u b j e c t i n g  them t o  more severe 

condi t ions.  

Engine t h r u s t  w i l l  be l i m i t e d  t o  

The engine f i r i n g  du ra t ion  w i l l  b e  l i m i t e d  t o  approximately 10 sec- 
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( 4 )  Engine F i r i n g  T e s t  No. 2 - The prope l l an t  loading and p r e t e s t  func t iona l  

Following the  launch countdown sequenc- w i l l  be  t h e  same as i n  f i r i n g  test No.  1. 

i n g ,  t h e  main engines w i l l  be  s t a r t e d  and commanded t o  t h e  100% t h r u s t  l e v e l ,  simi- 

lar  t o  t h e  launch condi t ion.  The engines w i l l  b e  allowed t o  opera te  f o r  30 seconds 

before  being commanded t o  shutdown. This w i l l  allow t h e  s t r u c t u r e  t o  be  subjected 

t o  i t s  maximum start shock loads and provide s u f f i c i e n t  engine running t i m e  t o  al- 

low propuls ion system t r a n s i e n t  condi t ions t o  s t a b i l i z e .  

(5) Engine FirinR T e s t  No. 3 - The p rope l l an t  loading and component func- 

t i o n a l  checks w i l l  be t h e  s a m e  as i n  f i r i n g  test No. 1. This test  w i l l  b e  a f u l l  

dura t ion  f i r i n g  wi th in  l i m i t a t i o n s  poss ib ly  imposed by f a c i l i t y  requirements o r  

veh ic l e  s t r u c t u r a l  l i m i t a t i o n .  

launch sequence inc luding  e x t e r n a l  t o  i n t e r n a l  power t r a n s f e r  and terminat ion of 

ground suppl ied s t a g e  helium, GO2 and GH2. 

be operated similar t o  boost f l i g h t .  

same as boost f l i g h t .  Af te r  t h e  main engines  have s t a r t e d  and acce lera ted  normally 

t o  100% t h r u s t ,  t h e  t h r u s t  level w i l l  be sus ta ined  u n t i l  a l l  p red ic t ab le  t r a n s i e n t s  

have s t a b i l i z e d .  A t  t h i s  time, a slow-response gimbal l ing check w i l l  be  made which 

w i l l  p o s i t i o n  t h e  main engines throughout t h e  gimbal envelope. The engines w i l l  be 

cen te r  pos i t ioned  and t h r o t t l e d  t o  less than  100% t h r u s t .  Af te r  s t a b i l i z a t i o n  a t  a 

reduced t h r u s t  l e v e l ,  one engine w i l l  be shut  down, s imulat ing an i n f l i g h t  engine 

f a i l u r e  la te  i n  t h e  boos te r  powered f l i g h t .  The t h r u s t  l e v e l  on t h e  remaining 

engines w i l l  be he ld  cons tan t  i n  order  t o  i s o l a t e  any t r a n s i e n t  e f f e c t s  caused by 

t h e  s i n g l e  engine shutdown. 

The countdown sequence w i l l  fol low t h e  proposed 

The ACPS prope l l an t  condi t ioners  w i l l  

Avionics monitoring and c o n t r o l  w i l l  be t h e  

Shutdown of t h e  remaining engines w i l l  be commanded 

from t h e  dep le t ion  sensors .  

determined i n  order  t o  eva lua te  t h e  dep le t ion  sensors  and t h e  c a p a b i l i t y  of t h e  

The r e s i d u a l  p rope l l an t  l e v e l  a f t e r  shutdown w i l l  be 

a n t i v o r t e x  system t o  provide minimum res idua l s .  

( 6 )  Engine F i r i n g  T e s t  No .  4 - Propel lan t  loading ,  veh ic l e  p repa ra t ion ,  and 
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countdown sequencing w i l l  be  t h e  same as i n  previous test countdowns. 

engine start and s t a b i l i z a t i o n  at 100% t h r u s t ,  an engine w i l l  b e  shutdown. The re- 

maining engines w i l l  b e  held a t  constant  t h r u s t  momentarily t o  allow any t r a n s i e n t s  

caused by t h e  engine shutdown t o  be  i s o l a t e d  and evaluated. 

w i l l  then be  increased t o  t h e i r  maximum emergency power t h r u s t  level, allowed t o  

s t a b i l i z e ,  and then reduced t o  100% t h r u s t .  Af t e r  s t a b i l i z a t i o n  at 100% t h r u s t ,  a 

Following 

The remaining engines 

maximum-rate gimballing e x e r c i s e  w i l l  b e  performed. 

shutdown by t h e  dep le t ion  senso r s .  

The remaining engines w i l l  be  

(7) Engine F i r i n g  T e s t  N o .  5 - F i r i n g  test No. 5 may b e  similar t o  No. 4 .  It 

i s  probable t h a t  t h e  choice of engines t o  b e  shutdown w i l l  be  p red ica t ed  only on 

t h e  LO2 feed  subsystem cond i t ions ,  b u t  i t  may be  necessary t o  perform a similar 

test based on t h e  p red ic t ed  c h a r a c t e r i s t i c s  o f  t h e  LH2 system. I n  add i t ion ,  cer- 

t a i n  condi t ions no t  covered by previous tests, due t o  hardware i n a b i l i t y  o r  t i m e  

l i m i t a t i o n s ,  may n e c e s s i t a t e  reruns of small po r t ions  of previous tests. One spe- 

c ia l  test t o  be  included during t h i s  test i s  t h e  a c q u i s i t i o n  of POGO s e n s i t i v i t y  

da t a .  With a l l  engines on a branched LOX feed duct f i r i n g ,  t h e  feed duct w i l l  be  

p re s su re  pulsed by d ra in ing  some l i q u i d  overboard and p e r i o d i c a l l y  s topping t h e  

flow by r ap id ly  c los ing  an overboard b l eed  valve. This technique causes a " w a t e r  

hammer" p re s su re  t r a n s i e n t  which w i l l .  b e  experienced by t h e  e n t i r e  LOX feed duct .  

Further  d e t a i l e d  d e s c r i p t i o n  of T e s t  No. 5 w i l l  be  determined by f u t u r e  require- 

ments d e f i n i t i o n ,  retest requirements,  o r  t h e  n e c e s s i t y  f o r  g r e a t e r  emphasis on 

areas previously t e s t e d .  

F a c i l i t i e s  and Equipment - The o p e r a t i o n a l  launch complex, as modified f o r  t h e  

The Booster w i l l  u t i l i z e  an o p e r a t i o n a l  Launch Umbili- Space S h u t t l e  w i l l  b e  used. 

cal  Tower wi th  product ion GSE f o r  t h e  above tests. I f  t h e  f a c i l i t y  o r  s t a g e  cre- 

ates any l i m i t a t i o n s  which w i l l  preclude f u l l  du ra t ion  f i r i n g s  t h e  number of test 

f i r i n g s  may be  inc reased  t o  provide s u f f i c i e n t  test  t i m e  t o  s a t i s f y  a l l  o b j e c t i v e  

requirements. 
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Rationale  - The major reasons f o r  choosing t h i s  test a r t i c l e  were: (1) It 

provides a conf igura t ion  compatible with t h e  referenced requirements ; (2) It pro- 

v ides  t h e  l ea s t - cos t  approach t o  development t e s t i n g  with accep.table r i s k s  ( i n  COm- 

pa r i son  t o  t h e  c o s t  requi red  t o  b u i l d  a sepa ra t e ,  dedica ted  test art icle i n  con- 

junc t ion  wi th  use of a s ta t ic  test s tand  at another  l o c a t i o n ) ;  (3) It allows t h e  

earliest d a t e  poss ib l e  f o r  main propuls ion i n t e g r a t i o n  t e s t i n g  because of t h e  GFE 

prototype main engine de l ive ry  schedule.  

be  returned t o  t h e  government f o r  poss ib l e  refurbishment and use as f l i g h t  spares .  

A l l  o t h e r  test ar t ic le  hardware i s  considered reusable  f o r  f l i g h t .  Refurbishment 

of t h e  test ar t ic le  w i l l  i nc lude  i n s t a l l a t i o n  of production main engines and com- 

p l e t i o n  of manufacturing assembly and checkout. 

a ho r i zon ta l  f l i g h t  shakedown and de l ivery  t o  the  v e r t i c a l  f l i g h t  test program. 

Following t e s t i n g ,  p ro to type  engines w i l l  

The veh ic l e  w i l l  then be  ready f o r  

5.2.1.3.3 POGO Assessment - POGO is  an adverse dynamic coupling e f f e c t  which 

can occur during f l i g h t  between t h e  s t a g e  f l u i d s ,  l i n e s ,  s t r u c t u r e  and engines .  It 

i s  impossible t o  combine a l l  of t h e  f l i g h t  condi t ions which cause POGO i n t o  a 

ground test t o  v e r i f y  t h a t  t h i s  phenomenon w i l l  not  occur  i n  f l i g h t .  

understanding of t h e  POGO phenomenon i s  s u f f i c i e n t  t h a t  a n a l y t i c a l  expressions de- 

s c r i b i n g  i t s  e f f e c t  have been der ived.  The unknowns, o r  v a r i a b l e s ,  i n  t hese  ex- 

press ions  can b e  def ined  by s e v e r a l  d i f f e r e n t  ground tests. The f i n a l  v e r i f i c a t i o n  

can only be  made through a c t u a l  f l i g h t  demonstration. 

The t echn ica l  

The MDC t e a m  approach t o  POGO assessment i s  t o  de f ine  component cha rac t e r i s -  

t i c s ,  model a n a l y t i c a l  unknowns imprac t i ca l  t o  test f u l l  s c a l e ,  determine o v e r a l l  

s t a g e  dynamic c h a r a c t e r i s t i c s  and then couple t h i s  information a n a l y t i c a l l y  wi th  

t h e  engine in f luence  condi t ions def ined by engine development t e s t i n g .  

The primary component t o  be t e s t e d  is  t h e  main LOX p rope l l an t  feed  duct .  This 

w i l l  be done by def in ing  t h e  l i n e  l a t e r a l  dynamic c h a r a c t e r i s t i c s  wi th  s t a g e  at- 

tachment f i t t i n g s  represent ing  t h e  a n a l y t i c a l l y  p red ic t ed  s t a g e  attachment charac- 
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teristics. 

l i n e  axissymetr ic  bulging. 

The a x i a l  dynamic c h a r a c t e r i s t i c s  w i l l  then b e  determined inc lud ing  t h e  

The s t a g e  dynamic c h a r a c t e r i s t i c s  assessment i s  descr ibed i n  d e t a i l  i n  

Sec t ion  5.1.4. One test is s p e c i f i c a l l y  f o r  POGO assessment. 

bulkhead f l u i d  i n t e r a c t i o n  d e f i n i t i o n  w i l l  b e  determined by f u l l  scale t e s t i n g  of 

t h e  LOX tank w i t h  p a r t i a l  tank f l u i d  volumes t o  determine t h e  axissymetr ic  t ank  

The LOX tank a f t  

bulging c h a r a c t e r i s t i c s .  I f  the a c c e l e r a t i o n  masses are excessive f o r  s ta te-of- the 

ar t  shakers  a s c a l e d  tank w i l l  b e  r equ i r ed  t o  s imula t e  t h e s e  s t r u c t u r a l  condi t ions.  

The e n t i r e  s t a g e  w i l l  be  e x c i t e d  i n  t h e  h o r i z o n t a l  p o s i t i o n  (dry)(paragraph 7 . 2 )  

and vertical p o s i t i o n  (dry and w e t )  as descr ibed i n  Paragraph 5.2.2.3.2 t o  access 

modal shapes and modal damping. Addit ional  modal shape and damping w i l l  be  avail- 

a b l e  from t h e  h o r i z o n t a l  f l i g h t  t e s t i n g .  

Main engine turbopump c a v i t a t i o n  compliance and in f luence  c o e f f i c i e n t s  defin- 

i n g  propuls ion changes with changes i n  feed system condi t ions w i l l  be supp l i ed  by 

t h e  engine manufacturer. 

The above ground test d a t a  can b e  combined a n a l y t i c a l l y  t o  determine t h e  

s t a g e s  s u s c e p t i b i l i t y  o r  r e s i s t a n c e  t o  t h e  POGO phenomenon. 

5.2.1.3.4 F l i g h t  Readiness F i r i n g  - The boos te r  u t i l i z e d  f o r  t h e  f i r s t  ver- 

t ical  launch w i l l  be required t o  undergo a F l i g h t  Readiness F i r i n g  (FRF) be fo re  

its launch. The booster  configurat ion f o r  t h e  FRF w i l l  be t h e  same as t h a t  re- 

quired f o r  launch. The o r b i t e r  w i l l  be a t t ached  f o r  t h i s  test. The purpose 

of t h e  FRF is t o  provide a t o t a l  system v e r i f i c a t i o n .  A s  an i n t e g r a l  p a r t  of 

t h i s  test t h e  main propuls ion systems p r o p e l l a n t  loading c o n t r o l ,  measurement, 

p rep res su r i za t ion ,  p r e s s u r i z a t i o n ,  condi t ioning,  vent and r e l i e f  systems, pneu- 

ma t i c  system supply and r e g u l a t i o n ,  e x t e r n a l  tank purges, engine performance and 

a l l  ope ra t ing ,  maintenance and checkout procedures w i l l  b e  demonstrated. 

5.2.1.3.5 Horizontal  F l i g h t  T e s t i n g  - S p e c i f i c  main propuls ion system t e s t i n g  
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during t h e  h o r i z o n t a l  f l i g h t  test phase. F l i g h t  r a t e d  main pro- 

w i l l  b e  i n s t a l l e d  i n  boos t e r s  S/N 3 and S/N 2 and exposed t o  t h e  

and landing environments during t h e  h o r i z o n t a l  checkout f l y i n g  on 

p r i o r  t o  u t i l i z a t i o n  f o r  vertical test f l i g h t s .  

Vertical F l i g h t  Tes t ing  - The f i n a l  v e r i f i c a t i o n  of  the Booster 

system w i l l  b e  made during t h e  ver t ical  f l i g h t  test program. 

Emphasis w i l l  be placed on p rope l l an t  tanking techniques,  p rope l l an t  f eed  duct 

c h a r a c t e r i s t i c s ,  and preburn engine condi t ioning t o  v e r i f y  ope ra t ion  w i t h i n  t h e  

design l i m i t s .  Engine start and cutoff  t r a n s i e n t  c h a r a c t e r i s t i c s ,  as w e l l  as 

s t eady- s t a t e  performance ( t h r u s t ,  Isp, mass flow),  w i l l  be  v e r i f i e d  t o  be  wi th in  

design l i m i t s  and cons i s t en t  w i t h  t h e  requirements s p e c i f i e d  i n  t h e  C E I  and o t h e r  

app l i cab le  subsystem s p e c i f i c a t i o n s .  

e r a t i o n  of t h e  p r e s s u r i z a t i o n  system of t h e  cryogenic p rope l l an t  tanks wi th in  t h e  

design l i m i t s  and according t o  t h e  app l i cab le  performance requirements w i l l  be 

v e r i f i e d .  

w i l l  a l s o  be  v e r i f i e d .  

test d a t a  where app l i cab le .  These tests w i l l  b e  t h e  f i r s t  t o  impose l i f t o f f  shock 

loads t o  t h e  s t r u c t u r e  and main propuls ion system. 

The absence of POGO w i l l  be v e r i f i e d .  Op- 

The a b i l i t y  of t h e  av ion ic s  system t o  t h r o t t l e  t h e  boos te r  rocket  engines 

Data w i l l  be c o r r e l a t e d  w i t h  p red ic t ed  d a t a  and ground 

During t h e  boos te r  f l i g h t  program some v a r i a t i o n s  i n  boos t e r  cryogenic and 

JP-4 p rope l l an t  l oad  w i l l  be  employed t o  e x e r c i s e  t h e  av ion ic s  system and t o  main- 

t a i n  e n t r y  condi t ions below t h e  nominal hea t ing  and s t r u c t u r a l  l oad  levels. 

Temperature and v i b r a t i o n  e f f e c t s  on t h e  main propuls ion system during e n t r y  

and cruiseback w i l l  b e  evaluated.  

5.2.1.3.7 Acceptance Test ing 

Main propuls ion system acceptance i s  accomplished by a pos t  manufacturing 

checkout and a s ta t ic  f i r i n g  demonstration (FRF). Following manufacturing each 

component w i l l  b e  f u n c t i o n a l l y  checked and a d e t a i l e d  v e r i f i c a t i o n  made t h a t  each 
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LRU performs w i t h i n  o p e r a t i o n a l  t o l e rance  l i m i t s .  

redundant func t ions  of each subsystem. 

g r a l  p a r t  of each LRU checkout. 

These tests w i l l  a l s o  v e r i f y  a l l  

Acceptable leakage rates w i l l  be  an inte- 

An i n t e g r a t e d  systems test w i l l  fol low t h e  d e t a i l e d  subsystem checkout. This 

test w i l l  v e r i f y  t h a t  t h e  main propuls ion system responds normally while  o t h e r  sub- 

systems are being functioned simultaneously s i m i l a r  t o  a launch condition. 

The main propuls ion system w i l l  b e  a c t i v e l y  functioned during t h e  FRF. The 

p r o p e l l a n t  system loading c o n t r o l ,  accu rac i e s ,  i n s u l a t i o n  e f f e c t i v e n e s s ,  p r o p e l l a n t  

condi t ioning and p r e s s u r i z a t i o n  system w i l l  be funct ioned under ope ra t iona l  launch 

condi t ions.  

a c t u a t i o n  and Booster purges inc lud ing  engine purges. 

f i r e d  long enough t o  allow s t a b i l i z e d  propuls ion performance. 

v e r i f i c a t i o n  of engine i n t e r f a c e  requirements (NPSP, GO2 and GH2 flow, 

purges,  av ion ic s  s i g n a l s  and electrical  power) and a check on s t r u c t u r a l  and 

hydrau l i c  i n t e r f a c e s .  

The pneumatic system w i l l  be  charged and functioned f o r  component 

The main engines w i l l  be 

This w i l l  a l low a 

A s u c c e s s f u l  pos t  f i r i n g  system securing including purging, 

maintenance and checkout w i l l  provide f i n a l  main propuls ion system acceptance. 

v a l i d a t i o n  of t h e  main propuls ion system acceptance a f t e r  each launch w i l l  be  

accomplished u t i l i z i n g  post  manufacturing checkout techniques and previous f l i g h t  

d a t a  f o r  subsystems v e r i f i c a t i o n .  

d a t a  f o r  system reacceptance.  

Re- 

Primary emphasis w i l l  be  upon use of p a s t  f l i g h t  

5.2.2 A t t i t u d e  Control Propuls ion System 

5.2.2.1 Subsystem Descript ion - The A t t i t u d e  Control Propuls ion System (ACPS) 

must provide three-axis  a t t i t u d e  c o n t r o l  from Booster main engine shutdown t h r u  

coas t  t o  apogee and r een t ry  u n t i l  t h e  aerodynamic c o n t r o l  s u r f a c e s  provide a t t i t u d e  

c o n t r o l  f o r  cruiseback f l i g h t .  

r e a c t i o n  c o n t r o l  system. S u b c r i t i c a l  s t o r a g e  l i q u i d  hydrogen and oxygen are condi- 

t ioned t o  high-pressure gas by a gas-generator-powered turbopump/heat exchanger 

The ACPS is  a high-pressure G02/GH2 b i -p rope l l an t  
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cycle.  The condi t ioned gas is  s t o r e d  i n  accumulators f o r  d i s t r i b u t i o n  t o  t h e  appro- 

p r i a t e  equipment. The ACPS p r o p e l l a n t  is  s t o r e d  i n  tanks which must a l s o  supply 

p rope l l an t  f o r  t h e  a u x i l i a r y  power u n i t s  (APU). The p r o p e l l a n t  condi t ioning func- 

t i o n s  f o r  t h e  APU are performed by t h e  ACPS condi t ioning equipment. A schematic of 

t h e  Booster ACPS system i s  shown i n  Figure 5.2-6. 

5.2.2.2 T e s t  Requirements And J u s t i f i c a t i o n  - The test requirements f o r  t h e  

ACPS are presented i n  Figure 5.2-7. 

ACPS T e s t  Requirements 
T e s t  Requirement J u s t i f i c a t i o n  

(1) The c a p a b i l i t y  of t h e  l i q u i d  p r o p e l l a n t  
s t o r a g e  and supply subsystem t o  be drained,  
purged, and f i l l e d  and t o  supply l i q u i d s  t o  
the  condi t ioning subsystem p r o p e l l a n t  pumps 
s h a l l  be  demonstrated, i nc lud ing  p e r t i n e n t  
considerat ions of  zero g r a v i t a t i o n a l  environ- 
ment and fo rce  f i e l d  build-up of t h e  r e e n t r y  
f l i g h t  phase. S u f f i c i e n t  p r o p e l l a n t  capac i ty  
t o  produce minimum t o t a l  impulse requirements 
including APU consumption requirements s h a l l  
be demonstrated. 

(2)  The c a p a b i l i t y  of t h e  l i q u i d  p r o p e l l a n t  
condi t ioning,  gaseous s t o r a g e  and d i s t r i b u -  
t i o n  subsystem t o  r ece ive  l i q u i d s  from t h e  
supply subsystem, pump them t o  high p r e s s u r e ,  
convert  them t o  gas ,  s t o r e  them i n  accumula- 
t o r s ,  and supply t h e  engines,  ACPS condition- 
i n g  equipment and o t h e r  using sources  on 
demand, w i t h i n  design to l e rances ,  s h a l l  be  
demonstrated. 

(3 )  
and q u a l i f i e d  t o  the  c o n t r a c t o r  spec i f i ca -  
t i ons .  

The ACPS engines s h a l l  be  developed 

( 4 )  Acceptance tests of t h e  ACPS subsystems 
are required a f t e r  i n s t a l l a t i o n  of compo- 
nen t s ,  engines,  tanks,  and interconnect ing 
tubing,  piping,  and cabl ing.  

It  i s  necessary t o  develop these  
components s e p a r a t e l y  because of 
t h e i r  advanced technology require-  
ments. 

T o t a l  p r o p e l l a n t  consumption (boi l -  
o f f ,  ACPS engine consumption, ACPS 
condi t ioning equipment consumption, 
APU consumption, e t c . ) ,  ACPS engine 
performance, and t o t a l  ACPS subsys- 
t e m  performance must conform t o  t h e  
Booster CEI s p e c i f i c a t i o n  and ACPS 
p r o p e l l a n t  condi t ioning and supply 
subsystem s p e c i f i c a t i o n s .  

To a s s u r e  engines operat ion and 
performance t o  v e h i c l e  design and 
o p e r a t i o n a l  requirements. 

Required t o  v e r i f y  t h a t  the ACPS 
subsystems have been p rope r ly  in- 
s t a l l e d  and e x h i b i t  accep tab le  per- 
formance c h a r a c t e r i s t i c s .  

FIGURE 5.2-7 
5.2.2.3 T e s t  Approach and Ra t iona le  

5.2.2.3.1 ACPS T e s t  Unit - This s e c t i o n  d e s c r i b e s  t h e  major dedicated ACPS 

i n t e g r a t i o n  ground test program. Other ACPS t e s t i n g  w i l l  a l s o  be accomplished i n  
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conjunction wi th  main propuls ion t e s t i n g ,  as descr ibed i n  Sect ion 5.2.1, and t h e  

f l i g h t  r ead iness  f i r i n g  test, as descr ibed i n  Sect ion 7.2. 

t h e  s t r u c t u r a l  v e r i f i c a t i o n  t e s t i n g  of t h e  LO2 and LH2 tanks.  

desc r ibes  APU t e s t i n g  t h a t  w i l l  be done i n  conjunction w i t h  t h e  ACPS development 

test program. 

The ACPS cryogenic p r o p e l l a n t  s t o r a g e  tanks w i l l  be components developed in- 

d i v i d u a l l y  by MDC. Test ing w i l l  include development and v e r i f i c a t i o n  of t h e  pro- 

p e l l a n t  r e t e n t i o n ,  tank p r e s s u r i z a t i o n  and tank i n s u l a t i o n  using sub-scale and f u l l -  

scale test  articles wi th  appropr i a t e  environmental s imulat ion.  

c o n t r o l s ,  power head (combustor) h e a t  exchanger and s t o r a g e  v e s s e l s  w i l l  b e  develop- 

ed as components by subcontractors .  

f i e d  under subcontract  by an engine manufacturer. 

and performance i n  simulated vacuum condi t ions.  The ACPS engines u t i l i z e d  f o r  in- 

t e g r a t i o n  t e s t i n g  w i l l  be  l i m i t e d  t o  t h e  regeneratively-cooled nozzle s e c t i o n  with- 

out  the film-cooled extension.  This w i l l  provide complete system simulat ion without 

c r e a t i n g  any requirements f o r  engine nozzle a l t i t u d e  s imulat ion f o r  ground t e s t i n g .  

The prototype hardware descr ibed above, with a complete gas s t o r a g e  and d i s t r i b u t i o n  

Sect ion 5.1.7 t a b u l a t e s  

Sect ion 5.2.4 

The turbomachinery, 

The ACPS engines w i l l  be developed and qual i -  

Test ing w i l l  include operat ion 

system, inc lud ing  redundancy, w i l l  be  arranged s p a t i a l l y  t o  r ep resen t  t h e  v e h i c l e  

i n s t a l l a t i o n .  The test a r t ic le  w i l l  r ep resen t  t h e  e n t i r e  veh ic l e  ACPS including 

its D i g i t a l  I n t e r f a c e  Units. 

and completely s e p a r a t e  prototype hardware f o r  Booster and O r b i t e r  ACPS t e s t i n g  i s  

no t  required.  

Much of t he  hardware i s  common t o  t h e  O r b i t e r  ACPS, 

A schedule of t h e  ACPS t e s t i n g  a c t i v i t i e s  is  presented i n  Figure 

5.2-8. 

A complete set  of t h r e e  tuxbopump/combustor assemblies i s  required t o  i d e n t i f y  

t h e  chilldown and s t a r t u p  c h a r a c t e r i s t i c s  of the pump and feed system a f t e r  i n t e r -  

vals of standby and/or t o t a l  l a c k  o f  previous use. 

exe rc i sed  and t o t a l  system temperature t r a n s i e n t s  evaluated.  

Redundancy management w i l l  be  

Power head exhaust 
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gases w i l l  be  ducted through production duct ing and s t a g e  disconnect t o  a f a c i l i t y  

d i sposa l  system. 

T e s t  Object ives  

1. Develop f i l l ,  d r a i n ,  vent ing,  p re s su r i z ing ,  and purging procedures. 

2. Verify cryogenic tank p r e s s u r i z a t i o n  c a p a b i l i t y  from Gii supply a t  l i m i t s  2 

of LH f lowrates .  2 

3. Determine cryogenic pump i n i t i a l  and i n t e r m i t t e n t  chilldown requirements. 

4 .  Verify system response c h a r a c t e r i s t i c s  f o r  minimim and maximum gas propel- 

l a n  t con sump t i  on. 

5. Verify f a u l t  d e t e c t i o n  and backup system response c h a r a c t e r i s t i c s .  

6 .  Verify combustor/turbine/heat exchanger performance c h a r a c t e r i s t i c  a t  

l i m i t s  of p rope l l an t  gas supply temperatures. 

7. Verify p rope l l an t  loading accuracies .  

8. Verify system gas flow c a p a c i t i e s  under maximum flow condition. 

9. Verify o v e r a l l  system e f f i c i e n c y  and i n d i v i d u a l  e f f i c i e n c i e s  (combustors, 

t u r b i n e s ,  h e a t  exchangers and engines) .  

T e s t  Approach - The ACPS w i l l  be v e r i f i e d  as a system be fo re  being t e s t e d  i n  a 

vehicle .  

supply system, inc lud ing  the  gas required f o r  APU operat ion.  

t i o n  w i l l  be demonstrated. 

procedures w i l l  b e  developed. Gas generator  and A T 3  performance c h a r a c t e r i s t i c s  

w i l l  be evaluated during unbalanced temperature t r a n s i t i o n s  i n  t h e  s t o r e d  gas sup- 

p l i e s  during t r a n s i t i o n  from ground-supplied t o  vehicle-supplied gas (Reference 

Paragraph 5.2.4) .  

Test ing w i l l  include making maximum p o s s i b l e  demands on t h e  p r o p e l l a n t  

Redundancy of opera- 

P r o p e l l a n t  loading,  gas charging, unloading and purging 

Faci l i t ies /Equipment  - A test f a c i l i t y  capable of supplying gaseous and l i q u i d  

oxygen and hydrogen is  required.  

condi t ions.  

Gases must be supp l i ed  a t  ambient and subcooled 

The in s t rumen ta t ion  and c o n t r o l  system w i l l  b e  s t a g e  hardware t o  t h e  
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D i g i t a l  I n t e r f a c e  Unit (DIU) with t h e  remainder suppl ied by the  ground f a c i l i t y  

The f a c i l i t y  must be capable of providing the  following f l u i d s :  

Quantity W - Service P res su re  Temperature 

LOX 50 PSIG -296°F 20 l b / s e c  50,000 l b  

50 -420°F 5 l b / s e c  15,000 l b  LH2 

AMB 16 lb/sec* TBD 

-100°F 16 lb/sec* TBD 

m 4 lb/sec* TBD 

4 Ib/sec* TB D 

GOX 2500 

GOX 2500 

2500 

2500 -200°F 

GH2 

GN2 

GH e 4500 AMB 0.5 l b / s e c  TB D 

4500 -400°F 0.5 lb/sec* TBD 

GN2 2500 AMB TBD TBD 

*These are s h o r t  durat ion t r a n s i e n t s  and may be provided by an accumulator blow- 

down. Flowrates shown occur a t  approximately 650 PSIG. 

Instrumentat ion requirements are f o r  250 channels of p re s su re ,  temperature and flow- 

rate type d a t a  (200 channels a t  approximately 10 samples per  second (SPS) and 50 

channels a t  approximately 100 SPS) p lus  250 channels of  sequence ( d i s c r e t e  on-off) 

s i g n a l s .  The MDC t e a m  has  adequate test f a c i l i t i e s  f o r  t h e s e  tests (e .g . ,  

Sacramento T e s t  Center).  

Rat ionale  - The ACPS i s  a r e l a t i v e l y  small b u t  complex subsystem, and would 

t i e  up an ex tens ive  f a c i l i t y  and expensive f l i gh t - type  hardware i f  t h e  i n i t i a l  

i n t e g r a t e d  development cyc le  t e s t i n g  were conducted during the main propuls ion 

ground test  f i r i n g  descr ibed i n  Paragraph 5.2.1.3.2. 

ACPS t e s t i n g  i n  a t o t a l  v e h i c l e  i n s t a l l a t i o n  (Reference Paragraph 7.2) can be 

l i m i t e d  t o  f i n a l  v e r i f i c a t i o n  of subsystems a r d  intra-subsystem ope ra t ion .  

With d e t a i l e d  ground tests, 
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5.2.2.3.2 Propuls ion I n t e g r a t i o n  Tests - The propuls ion i n t e g r a t i o n  test art i-  

cle w i l l  have a complete ACPS except f o r  wing-mounted t h r u s t e r s .  

be u t i l i z e d  t o  v e r i f y  compa t ib i l i t y  with a l l  i n t e r r e l a t i n g  subsystems and w i l l  

f u n c t i o n a l l y  supply 0 gases t o  the  APU's during t h e  propuls ion i n t e g r a t i o n  

tests. Operat ional  ACPS system purging, f i l l i n g ,  p r e s s u r i z i n g ,  p r o p e l l a n t  manage- 

ment, maintenance and checkout techniques w i l l  be developed and v e r i f i e d  during t h i s  

The system w i l l  

and H 2 2 

test period. 

5.2.2.4.2 F l i g h t  Readiness F i r i n g  (FRF) - Each Booster w i l l  be subjected t o  an 

FRF befo re  being u t i l i z e d  as a vertical  launch vehicle. This  test i s  t h e  primary 

i n t e g r a t i o n  v e r i f i c a t i o n  of t h e  ACPS system with a l l  o t h e r  s t a g e  subsystems. The 

s t a g e  w i l l  be f u l l y  f l i g h t  configured and hardware sequencing and performance re- 

quirements w i l l  be  similar t o  t h a t  expected f o r  launch. The p rope l l an t  f i l l i n g ,  

measurement, c o n t r o l ,  p r e s s u r i z a t i o n ,  expulsion and consumption requirements w i l l  

be  v e r i f i e d .  

i ts  performance and redundancy c h a r a c t e r i s t i c s .  This test w i l l  a l s o  provide t h e  

f i n a l  v e r i f i c a t i o n  demonstration of ope ra t iona l ,  maintenance and checkout proce- 

The p rope l l an t  condi t ioning equipment w i l l  be  exe rc i sed  t o  v e r i f y  

dures and techniques.  

v e r i f y  i t s  proper performance. 

Each ACPS engine w i l l  be  f i r e d  f o r  a minimum impulse b i t  t o  

5.2.2.3.4 Vertical F l i g h t  - The performance of t h e  ACPS system w i l l  be ver i -  

The f l i g h t  is  the only test condi t ion which combines pro- f i e d  during t h e  f l i g h t .  

p e l l a n t  cond i t ione r  ope ra t ion  and zero "G" condi t ion simultaneously.  

and minimum impulse du ra t ions  w i l l  be  evaluated on t h e  ACPS engines. 

Long dura t ion  

5.2.2.5 Booster ACPS Acceptance T e s t i n g -  Booster ACPS acceptance t e s t i n g  w i l l  

begin with pos t  manufacturing checkout and w i l l  be completed wi th  t h e  s u c c e s s f u l  

checkout following t h e  F l i g h t  Readiness F i r i n g  (FRF). 

functioned and checked ou t  t o  v e r i f y  i t  meets i ts  o p e r a t i o n a l  s p e c i f i c a t i o n  require-  

ments which can b e  v e r i f i e d  during t h e  pos t  manufacturing subsystem checkout. 

Each ACPS component w i l l  be 
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These tests w i l l  v e r i f y  a l l  redundancy as w e l l  as perform component leakage and 

f u n c t i o n a l  tests. 

g r a t e d  subsystems checkout t o  v e r i f y  i ts  compa t ib i l i t y  simultaneously with o t h e r  

subsystems s i m i l a r  t o  a launch condi t ion.  

FRF where t h e  l i q u i d  p r o p e l l a n t  f i l l ,  d r a i n ,  v e n t ,  p r e s s u r i z a t i o n ,  expulsion and 

management subsystems w i l l  b e  v e r i f i e d  w i t h  cryogenics. 

i ng  u n i t  w i l l  be cycled t o  v e r i f y  i t s  f u n c t i o n a l  performance. 

be  f i r e d  f o r  a minimim s t a b i l i z e d  f i r i n g  du ra t ion  t o  v e r i f y  its operat ion.  

w i l l  be  d ra ined ,  purged and checked out  following t h e  FRF t o  v e r i f y  t h e  system has 

The ACPS w i l l  t hen  be functioned as a p a r t  of t h e  booster  i n t e -  

The booster  w i l l  then be  subjected t o  an 

Each p rope l l an t  condition- 

Each ACPS engine w i l l  

The ACPS 

n o t  experienced unexpected degradat ion.  

requirements by t h e  pos t  FRF checkout. 

5.2.3 Ai rb rea th ing  Engine System 

5.2.3.1 

The ACPS w i l l  have completed a l l  acceptance 

Airbreathing Propuls ion System Descript ion - The a i r b r e a t h i n g  propul- 

s i o n  system c o n s i s t s  of 10 low-bypass turbofan engines which w i l l  ope ra t e  a f t e r  re- 

t u r n  i n t o  the atmosphere and provide s u f f i c i e n t  t h r u s t  t o  r e t u r n  the  Booster t o  t h e  

launch s i te .  The engines provide s u f f i c i e n t  t h r u s t  t o  allow t h e  Booster t o  c r u i s e  

a t  o r  above 10,000 f e e t  a l t i t u d e  wi th  n ine  of t h e  t en  engines operating. The pro- 

pu l s ion  system must withstand t h e  n a t u r a l  and induced environments encountered 

during shipment, s to rage ,  and ope ra t iona l  use including suspension i n  the  ver t ical  

p o s i t i o n ,  during on-pad checkout and Booster a scen t  f l i g h t .  

The a i r b r e a t h i n g  propuls ion sys  t e m  c o n s i s t s  of t h e  a i r b r e a t h i n g  engine , engine 

i n s t a l l a t i o n ,  engine i n l e t ,  i n l e t  a n t i - i c i n g ,  f i r e  p r o t e c t i o n ,  f i r e  de t ec t ion ,  f i r e  

ex t ingu i sh ing ,  s t a r t i n g ,  instruments ,  and engine exhaust which m u s t  f unc t ion  i n  an 

o v e r a l l  i n t e r r e l a t e d  manner t o  provide power f o r  f l i g h t  w i t h i n  the  atmosphere. A 

schematic of t he  Booster Airbreathing Engine System is presented as Figure 5.2-9. 

5.2.3.2 T e s t  Requirements And J u s t i f i c a t i o n  - The Booster a i r b r e a t h i n g  engines 

system test requirements and j u s t i f i c a t i o n  are presented i n  Figure 5.2-10. 
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AIRBREATHING PROPULSION SYSTEM TEST REQUIREMFsaTS 

TEST REQUImMENTS 

(1) Fuel f i l l ,  d r a i n ,  feed and t r a n s f e r  
s ubsy s tem.  

(1.1) The design c a p a b i l i t y  t o  
f u e l  t h e  subsystem i n  both 
t h e  v e r t i c a l  and horizon- 
t a l  veh ic l e  p o s i t i o n  s h a l l  
be demonstrated. 

(1.2) The design c a p a b i l i t y  t o  
t r a n s f e r  f u e l  between tanks 
as requ i r ed  f o r  c e n t e r  of 
g r a v i t y  c o n t r o l  s h a l l  be 
demonstrated. 

(1.3) The design c a p a b i l i t y  t o  
supply f u e l  t o  t h e  engines 
a t  t h e  appropr i a t e  p re s su res  
and flow rates s h a l l  be 
demons t r a t ed .  

(1.4) The design c a p a b i l i t y  of t h e  
f u e l  tanks t o  be p re s su r i zed  
during f l i g h t  t o  maintain 
i n t e r n a l  p re s su re  above 
e x t e r n a l  ambient p re s su re  
s h a l l  be demonstrated. 

(2) The design c a p a b i l i t y  of t he  air- 
b rea th ing  engines t o  perform i n  
t h e i r  i n s t a l l a t i o n  with r e s p e c t  t o  
t h e  a i r  i n g e s t i o n  and exhaust sys- 
tems and t h e  jetblown f l a p  s h a l l  
be evaluated. 

(3) Acceptance tests of t h e  ABES sub- 
systems are requ i r ed  a f t e r  i n s t a l l -  
a t i o n  of components, engines,  t anks ,  
and in t e rconnec t ing  tubing, piping,  
and cabl ing.  

JUSTIFICATION 

PART 111-5 
TEST 

The s a t i s f a c t i o n  of t h e  complex design 
requirements necessary t o  allow t h e  
veh ic l e  t o  b e  fue l ed  on t h e  launch pad 
f o r  launch mission f l e x i b i l i t y  as w e l l  
as h o r i z o n t a l l y  f o r  f e r r y  f l i g h t s  should 
be  assured p r i o r  t o  f l i g h t  test. 

To a s su re  c a p a b i l i t y  t o  make t o t a l  f u e l  
load a v a i l a b l e  f o r  engine consumption 
without d e l e t e r i o u s  e f f e c t  on v e h i c l e  
c o n t r o l l a b i l i t y .  

This is a p r e r e q u i s i t e  t o  a t tempting 
f l i g h t  operat ions f o r  veh ic l e  s a f e t y  
and mission goa l  assurance.  

JP f u e l  tanks are not capable of with- 
s tanding p o t e n t i a l  negat ive p re s su r ing  
during r een t ry  o r  as a r e s u l t  of c r u i s e  
consumption; t h e r e f o r e ,  t h i s  i s  a 
sa f ety-of- f l i g h t  requirement. 

A b i l i t y  t o  perform booster  f l yback  is  
f u l l y  dependent on t h e  s a f e  ope ra t ion  
and performance of t h e  ABE and t h e  
a s soc ia t ed  i n l e t  d u c t s  and aerodynamic 
c o n t r o l  surfaces .  Th i s  t e s t i n g  i s  
necessary t o  provide evolut ionary deve- 
lopment of a major segment of t h e  
configurat ion.  

Required t o  v e r i f y  t h a t  t h e  ABES sub- 
systems have been properly i n s t a l l e d  
and e x h i b i t  acceptance performance 
c h a r a c t e r i s t i c s .  

FIGURE 52-10 
5.2.3.3 T e s t  Approach and Ra t iona le  - A schedule of Booster Airbreathing 

, Engine System Tests is  presented i n  Figure 5.2-11. 
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5.2.3.3.1 Fuel Subsystem Tests 

T e s t  Ar t ic le  - Prototype f u e l  subsystem components (e.g. ,  pumps, valves, duc t s ,  

and test-agency f a b r i c a t e d  tanks t h a t  r ep resen t  t h e  geometry, b u t  not  t o t a l  capac i ty  

of t h e  f l i g h t  tanks)  w i l l  be arranged i n  a s p a t i a l  o r i e n t a t i o n  r ep resen t ing  t h e  

v e h i c l e  arrangement. This w i l l  include the  f u e l  loading, t r a n s f e r ,  and engine feed 

subsystems. 

corresponding t o  the  condi t ions required f o r  h o r i z o n t a l  take-off and f e r r y ,  and f o r  

VTO launch. 

The test r i g  w i l l  be  capable of both h o r i z o n t a l  and ver t ical  operat ion,  

T e s t  Object ives  

o Verify loading accu rac i e s  i n  h o r i z o n t a l  and v e r t i c a l  o r i e n t a t i o n .  

o Verify p r o p e l l a n t  t r a n s f e r  between forward and a f t  tanks.  

o Verify p r o p e l l a n t  management system redundancies and f a i l u r e  de t ec t ion  

c a p a b i l i t y .  

o Verify adequacy of t h e  a i r b r e a t h i n g  f u e l  tank p r e s s u r i z i n g  system. 

o Verify p r o p e l l a n t  management system redundancies and f a i l u r e  d e t e c t i o n  
capab i l i t y .  

o Verify adequacy of t h e  a i r b r e a t h i n g  f u e l  tank p res su r i z ing  system. 

T e s t  Approach: Fueling tests w i l l  be  performed i n  t h e  h o r i z o n t a l  and ver t ical  

pos i t i ons .  Simulated f l i g h t  f u e l  t r a n s f e r  and f u e l  feed tests w i l l  be  performed 

with pressures ,  f lows, and f u e l  q u a n t i t y  versus  t i m e  being monitored i n  each tank. 

During t h e s e  simulated f l i g h t  tests, tank p r e s s u r i z a t i o n  c o n t r o l  w i l l  be evaluated. 

Faci l i t ies /Equipment:  A test  f a c i l i t y  s u i t a b l e  f o r  accommodating t h e  test  

ar t ic le  and s t o r i n g ,  supplying, and r ece iv ing  t h e  hydrocarbon f u e l  w i l l  be required.  

The following instrumentat ion requirements must be  m e t :  20 p re s su re  measurements, 

4 temperature measurements, 50 p o s i t i o n  i n d i c a t o r  measurements, 60 command s i g n a l s ,  

4 p r o p e l l a n t  levels, 4 f lowra te s  and 1 4  cu r ren t  measurements. A l l  measurements are 

at 10 samples p e r  second except t h e  cu r ren t  measurements, which w i l l  be  a t  100 SPS. 
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The MDC team has s u i t a b l e  f a c i l i t i e s  f o r  t h e s e  purposes (e.g., MCAIR o r  DAC A i r c r a f t  

Fuel Systems Laborator ies) .  

Rationale:  Th i s  type of test program, which is  l i k e  t h a t  normally employed 

on commercial and m i l i t a r y  a i r c r a f t  programs, w i l l  a s s u r e  t h e  f u n c t i o n a l  and 

performance c a p a b i l i t i e s  needed t o  a s s u r e  h o r i z o n t a l  and vertical takeoff  f l i g h t  

t e s t i n g  without t y ing  up a v e h i c l e  f o r  prolonged p r e f l i g h t  t i m e  periods.  

5.2.3.3.2 Airbreathing Engines System Tests 

5.2.3.3.2.1 Sca le  Model T e s t i n g  - S c a l e  models w i l l  be u t i l i z e d  exc lus ive ly  

A d e s c r i p t i o n  of t h e s e  tests t o  de f ine  t h e  i n l e t  and exi t  nozz le  configurat ions.  

and p o t e n t i a l  f a c i l i t i e s  and test hours are presented i n  Paragraph 4.1. 

scale models (i.e. 3%) w i l l  b e  u t i l i z e d  t o  eva lua te  b a s i c  geometry. A l a r g e r  

model (i.e. 10%) w i l l  b e  used t o  d e f i n e  t h e  f i n a l  l o f t  l i n e s  f o r  production. 

Test ing w i l l  u t i l i z e  i n l e t  a i r  bleeding t o  s imulate  engine i n t a k e  a i r  flow and 

both cold and hot  gas a t  p red ic t ed  engine p re s su re  r a t i o s  f o r  exhaust duct geometry 

d e f i n i t i o n .  

door and j e t  f l a p  c h a r a c t e r i s t i c s .  

minimum of a f i v e  (5) engine s i d e  of t h e  canard. The following o b j e c t i v e s  apply t o  

t h e  model tests. 

Small 

These tests w i l l  be  an i n t e g r a l  p a r t  of tests t o  eva lua te  t h e  i n l e t  

A l l  of t h e  model t e s t i n g  w i l l  be done wi th  a 

(1) I n l e t  Development T e s t s  

o Develop i n l e t  geometry t o  o b t a i n  adequate i n l e t  p re s su re  recovery and 

maintain f low d i s t o r t i o n  w i t h i n  engine manufacturer 's  requirements.  

o Determine i n l e t  performance over t h e  Mach number, angle  of  a t t a c k ,  and 

a l t i t u d e  range of expected operations.  

o Determine i n l e t  opening loads,  dynamics, and s t a r t -up  f o r  t h e  range of 

speed, ang le  of a t t a c k ,  and a l t i t u d e  a t  which inlets  may b e  opened. 

Determine e f f e c t s  of engine-out o r  i n l e t  performance and flow d i s -  

t o r t i o n  of ad jacen t  engines. 

o 
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(2) E x i t  Nozzle and Jet-Flap Development T e s t s  (using cold and hot  gas flow) 

o Develop exi t  nozz le  geometry t o  o b t a i n  adequate t h r u s t  recovery and uni- 

formity of flaw over t h e  jet  f l ap .  

o Develop j e t  f l a p  contour t o  o b t a i n  required j e t  d e f l e c t i o n  without 

flow s e p a r a t i o n  and wi th  good e f f i c i ency .  

Determine t h e  j e t  f l a p  performance including d i r e c t  and induced l i f t ,  

p i t c h i n g  moments, downwash, and induced drag f o r  t h e  ope ra t iona l  ranges 

of engine t h r u s t ,  Mach number, a l t i t u d e ,  angle  of a t t a c k  and f l a p  

d e f l e c t  ion. 

o 

o Determine e f f e c t s  of engine-out on j e t  f l a p  performance, adjacent-engine 

t h r u s t ,  and flow s e p a r a t i o n  over  t h e  j e t  f l ap .  

o Determine j e t  f l a p  a c t u a t i o n  requirements,  including hinge moments, 

d e f l e c t i o n  range and rates, and a i r l o a d s  i n  both t h e  stowed and 

ope ra t ing  posi t ions.  

Rat ionale  - The c h a r a c t e r i s t i c s  of t h e  canard-jet  f l a p  and engine i n l e t  con- 

d i t i o n s  must be  determined as a func t ion  of canard span. Large scale models 

w i l l  provide an adequate understanding of engine i n l e t ,  exi t  and t h e  canard- 

j e t  f l a p  c h a r a c t e r i s t i c s  t h a t  i t  can b e  s a f e l y  committed t o  production hard- 

w a r e .  The product ion v e h i c l e  can perform adequate ground tests p r i o r  t o  i ts  

f i r s t  h o r i z o n t a l  f l i g h t  test t o  provide d a t a  f o r  c o r r e l a t i o n  of engine i n l e t  

and canard-jet  f l a p  performance with t h e  wind tunne l  p red ic t ions .  

t e s t i n g  be fo re  t h e  f i r s t  h o r i z o n t a l  f l i g h t  w i l l  i nc lude  f u l l  t h r u s t  runups, 

engine a c c e l e r a t i o n ,  c a l i b r a t i o n  from i d l e  t o  f u l l  power, and s t a g e  h o r i z o n t a l  

r o l l  a c c e l e r a t i o n  tests including r a i s i n g  t h e  nose wheel from t h e  ground. 

These tests w i l l  provide s u f f i c i e n t  confidence t o  i n i t i a t e  t h e  h o r i z o n t a l  

f l i g h t  test program. 

5 . 2 . 3 . 3 . 2 . 2  

Ground 

F u l l  Sca le  Wind Tunnel Tes t ing  - A s i n g l e  engine segment of t h e  
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Booster canard w i l l  be  t e s t e d  i n  t h e  AEDC 16T wind tunnel  t o  eva lua te  d i f f e r e n t  

c h a r a c t e r i s t i c s  of windmill ,  c a r t r i d g e  and crossbleed engine s t a r t i n g  during 

simulated r e e n t r y  a l t i t u d e  changes. 

similar t o  t h e  production assembly. 

The i n l e t  l i p  c losu re  w i l l  be  a r t i c u l a t i n g  

These tests are executed t o  r e q u i r e  350 tunnel  

occupancy hours inc luding  t e s t i n g  of t h e  e f f ec t iveness  of the f i r e  suppression 

system a t  a l t i t u d e  condi t ions .  

5 . 2 . 3 . 3 . 3  Horizontal  F l i g h t  Tes t ing  - Prepara t ions  f o r  ho r i zon ta l  f l i g h t  test- 

ing  begin as soon as manufacturing is  completed. 

inc lude  engine s t a r t i n g  tests using c a r t r i d g e s  and a i r  c rossb leed ,  engine power 

acce le ra t ion  c a l i b r a t i o n  tests, f u e l  metering c a l i b r a t i o n ,  Booster ground r o l l  

acce l e ra t ion  tests, je t  f l a p  performance tests including high speed t a x i  tests. 

Engine n a c e l l e  l ong i tud ina l  thermal g rad ien t s  w i l l  be mapped and t h e  f i r e  ex t in-  

guisher  system w i l l  be v e r i f i e d  opera t iona l .  

Propuls ion ramp tests w i l l  

Engine power acce le ra t ion  w i l l  be mapped f o r  va r ious  i n i t i a l  power l e v e l s  over 

The f l i g h t  t h e  operat ing speed range of t h e  Booster during t h e  ho r i zon ta l  f l i g h t s .  

eva lua t ion  and v e r i f i c a t i o n  w i l l  inc lude  engine handling and con t ro l ,  wi th  d a t a  

being obtained from steady state ( a t  several power s e t t i n g s )  and t r a n s i e n t  opera t ion  

(slow, medium, and snap acce le ra t ions ,  and dece le ra t ions  using var ious  s e t t i n g s  

between i d l e  and maximum power). 

The t r a n s i e n t  opera t ion  w i l l  be checked f o r  at least two v e l o c i t i e s  a t  t h e  test 

a l t i t u d e  and f o r  s i n g l e  and mul t ip l e  engine operat ion.  

This  d a t a  w i l l  be recorded a t  seve ra l  a l t i t u d e s .  

A p re s su re  and temperature d i s t r i b u t i o n  survey w i l l  be made across  t h e  i n l e t  

t o  v e r i f y  duct  recovery and d i s t o r t i o n  c h a r a c t e r i s t i c s  throughout t h e  i n l e t  m a s s  

flow r a t i o  range. 

ve loc i ty .  Angle-of-attack e f f e c t s  w i l l  be determined. S t a l l - f r e e  engine opera t ion  

throughout t h e  s p e c i f i e d  f l i g h t  envelope w i l l  be v e r i f i e d  concurren t ly  wi th  o the r  

f l i g h t  test objec t ives .  

Data w i l l  be recorded a t  two a l t i t u d e s  from minimum t o  maximum 
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The engine airstart c h a r a c t e r i s t i c s  w i l l  be evaluated and t h e  a v a i l a b l e  enve- 

lope  defined. This w i l l  be  i n i t i a l l y  v e r i f i e d  f o r  s i n g l e  engine airstarts. 

t e s t i n g  w i l l  then be  expanded t o  v e r i f y  m u l t i p l e  engine airstart c a p a b i l i t i e s ,  and 

t h e  p repa ra t ion  and s t a r t i n g  of space modified engines.  

The 

Fuel  consumption as a func t ion  of a l t i t u d e ,  speed and g r o s s  weight w i l l  be 

determined. 

f e r  (foreward and a f t  as w e l l  as p r o p e l l a n t  feed t o  t h e  engines) w i l l  be v e r i f i e d  

including f u e l  q u a n t i t y  measurement accuracies .  

The c a p a b i l i t y  and performance c h a r a c t e r i s t i c s  of t h e  p rope l l an t  t r ans -  

The a n t i i c i n g  performance of the a i r b r e a t h i n g  propuls ion system w i l l  b e  veri- 

A government furnished tanker a i r p l a n e  w i l l  be required t o  provide a water f i e d .  

spray f o r  t h i s  operat ion.  

5.2.3.3.4 Airbreathing Engines System Acceptance Tests - Airbreathing s y s t e m  

acceptance tests w i l l  begin during post  manufacturing checkout and w i l l  no t  be 

complete u n t i l  a f t e r  t h e  O r b i t e r s  h o r i z o n t a l  f l i g h t  demonstration. 

and engine subsystem f u n c t i o n a l s  w i l l  be made during manufacturing t o  v e r i f y  

f u n c t i o n a l  and leakage requirements are m e t .  

c a p a b i l i t y  w i l l  be demonstrated during ramp operat ions t e s t i n g .  

including engine power a c c e l e r a t i o n  t i m e ,  f u e l  f low requirements and Booster r o l l -  

i ng  a c c e l e r a t i o n  requirements,  w i l l  b e  demonstrated be fo re  t h e  f i r s t  h o r i z o n t a l  

f l i g h t .  

v e r i f i e d  during t h e  h o r i z o n t a l  f l i g h t  tes ts .  Engine power a c c e l e r a t i o n  w i l l  be 

v e r i f i e d  a t  maneuvering v e l o c i t y .  

meeting t h e  post manufacturing and f l i g h t  acceptance cri teria def ined i n  t h e  C E I  

s p e c i f i c a t i o n s .  

Complete f u e l  

Fuel loading accu rac i e s  and c o n t r o l  

C E I  s p e c i f i c a t i o n s ,  

A l i m i t e d  demonstration of f u e l  flow v s  a l t i t u d e  vs v e l o c i t y  w i l l  be 

The a i r b r e a t h i n g  system w i l l  be accepted a f t e r  

5 . 2 . 3 . 3 . 5  Vertical F l i g h t  T e s t i n g  - The primary o b j e c t i v e  i n  t h e  ver t ical  tests 

w i l l  be  v e r i f i c a t i o n  of t h e  procedures and t h e  c a p a b i l i t y  of t h e  system t o  func t ion  

nominally a f t e r  exposure t o  launch, a scen t ,  en t ry ,  and t r a n s i t i o n  condi t ions.  
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Proper ope ra t ion  of t h e  j e t  f l a p s  w i l l  be v e r i f i e d .  

w i l l  be  i n i t i a l l y  accomplished a t  a f l i g h t  condi t ion  demonstrated during h o r i z o n t a l  

t e s t i n g .  The air start envelope w i l l  be  expanded on subsequent missions,  i f  f e a s i -  

b l e .  

program. 

A i r  s tart  of t h e  j e t  engines  

The f u e l  system opera t ion  w i l l  be  v e r i f i e d  during t h e  v e r t i c a l  f l i g h t  test 

Fuel q u a n t i t y  system opera t ion  w i l l  be monitored dur ing  f l i g h t ,  and key 

f u e l  system p res su res  and temperatures w i l l  be  measured. 

5.2.4 Booster Auxi l ia ry  Power Unit 

5.2.4.1 Subsystem Descr ip t ion  - The Auxi l ia ry  Power Uni t ,  cons i s t ing  of 

four  separate, independently con t ro l l ed  dua l  mode APU subsystems, must provide 

a l l  hydrau l i c  and AC electrical power requirements during t h e  Booster f l i g h t .  

Each of t h e  f o u r  APU subsystems c o n s i s t s  of an 02-H2 combustor-turbine, a J P  f u e l  

combustor-turbine, and gearbox assemblies;  t he  necessary l i n e s ,  i s o l a t i o n  va lves ,  

c o n t r o l  va lves  and i n t e g r a t e d  c o n t r o l  system; hydrau l i c  pumps and AC gene ra to r ;  

and those a n c i l l a r y  components requi red  f o r  l u b r i c a t i o n  and cool ing.  

The exhaust l i n e s  from t h e  02-H2 power tu rb ines  are manifolded toge the r  and 

vented overboard by means of a non-propulsive vent .  

gases  f o r  APU ope ra t ion  are suppl ied  from the  regula ted  p res su re  gas supply manifold 

which d i s t r i b u t e s  p rope l l an t  gases  t o  the  ACPS engines.  The hydrogen gas is  passed 

through a series of h e a t  exchangers t o  provide i n t e g r a l  system cool ing p l u s  inc rease  

o v e r a l l  system energy e f f i c i e n c y .  The oxygen gas is s i m i l a r l y  heated p r i o r  t o  

combustion. 

c a p a b i l i t y  f o r  ope ra t ion  of t h e  APU subsystems on the ground i n  maintenance areas 

i s  provided f o r  by means of a s e p a r a t e  gas connection t o  t h e  tu rb ine  second s t a g e  

wheel. Warm ground a i r  w i l l  be  suppl ied  t o  ob ta in  a power output  of up t o  50 HP. 

The hydrogen and oxygen 

APU power is modulated cons i s t en t  wi th  system power demand. The 

The J P  fue led  power tu rb ine  ob ta ins  f u e l  from t h e  a i r b r e a t h i n g  engine supply. 

This  power supply is  u t i l i z e d  during cruiseback f l i g h t  t o  supply a l l  hydrau l i c  and 

e l e c t r i c a l  power requirements.  A schematic of t h e  a u x i l i a r y  power system is  
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presented in Figure 5.2-12. 

5 . 2 . 4 . 2  Test’Requirements and Justification - The booster APU test require- 

ments and justification are presented in Figure 5.2-13. 

BOOSTER AUXILIARY POWER UNIT TEST REQUIREMENTS 

TEST REQUIREMENTS 

(1) The design capability of the 
auxiliary power unit to supply 
electrical and hydraulic power 
at all times shall be demon- 
strated. 

(2) The compatibility of the APU 
subsystem with the ACPS 
supplied propellants, the 
hydraulic system components, 
and the electrical power and 
avionics shall be demon- 
strated. 

(3) Acceptance tests are required 
after installation of the APU 
and the interfacing tubing and 
cabling. 

JUSTIFICATION 

To demonstrate compliance with 
the vehicle CEI specification 
and the APU subsystem specifica- 
tion. 

Demonstrate subsystem interface 
compatibility. 

Required to verify that the APU 
and interfacing subsystems have 
been properly installed and exhibit 
acceptable performance 
characteristics. 

FIGURE 5.2-13 
5.2.4.3.1 APU System Test Unit 

Test Article: An entire APU, comprised of an 0 -H combustor-turbine, a 

JP-fueled combustor-turbine, gear box, two hydraulic pumps, an electrical 

2 2  

alternator, controller, instrumentation, DIU, and ancillary equipment will be 

tested as a unit. 

described in Paragraph 5.2.2.3.1. 

GO2 and GH2 supplies will be from the ACPS Test Unit 

Test Objectives: 

- Verify fault isolation and corrective action capability. 
- Verify APU compatibility with ACPS gas supply. 

- Verify satisfactory performance during propellant supply transition from 

ground supply to onboard ACPS cryogenic regenerative supply. 
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- Verify fluid system thermal balance (i.e., APU propellant gases temperatures 

equalized; gearbox cooled during simulated ground and flight operations; 

hydraulic pump drain cooling adequacy). 

- Verify system response to flight simulated hydraulic and electrical loads 
and specification minimum and maximums. 

- Verify power drive transfer from the 02-H2 fueled system to the JP-4 

supplied system. 

- Verify ground gas spin-up characteristics for checkout. 

- Develop purge, checkout and LRU replacement procedures and techniques. 

Test Approach: These tests will demonstrate the APU system control capability 

under varying hydraulic and electrical demands. These demands will be imposed 

through programmed facility systems simulating flight and design limit system 

loads. Single-component failure effects will be demonstrated by electrically 

or mechanically disabling a single component during a test. The satisfactory 

operation of the 02-H2 combustor will be demonstrated during the maximum 

predicted storage sphere gas temperature transients experienced during transfer 

from ground supply gases to the onboard converted cryogenic supplies. 

schedule of the APU integration tests is shown in Figure 5.2-14. 

Facilities: 

and nitrogen services as described in Paragraph 5.2.2.3.1 plus JP fuel. 

Instrumentation recording must be provided for 120 parameters in addition to 

the ACPS measurements referenced above. 

be recorded at 10 samples per second (SPS) and 40 recorded at 100 SPS. 

A 

The facility must provide H2 and O2 liquids and gases, helium, 

Eighty of these measurements must 

These tests will be an integral part of the ACPS 

obtain a higher degree of integration and utilize a minimum of expended ground 

test hardware. 

testing in order to 
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Rationale: Test results obtained from a complete APU unit are adequate to 

determine the entire system characteristics. In operational circumstances 

one unit must be capable of supplying all vehicle demands by itself and 

all units are normally operating continuously. Prototype or production 

hydraulic pumps and an alternator are required to verify interface 

compatibilities. Use of the actual ACPS propellant supply system reduces 

the quantity of expended flight hardware and reduces ground simulation 

requirements. 

5.2.4.3.2 Horizontal Flight Testing - The JP fueled combustor-turbine will be 
used for most of the horizontal flight testing and performance demonstrations. 

Primary emphasis will be on demonstrating compatibility with the onboard avionics 

and structural subsystems as well as supplying hydraulic and electrical power. 

starting of the APU combustors at altitude will be demonstrated similar to that 

Air- 

which occurs following reentry. 

5.2.4.3.3 Flipht Readiness Firing (FRF) - The FRF will be the first firing 
of the 02-H2 powered combustor-turbine on the production booster. 

purpose of this test is to verify the 0 -H 

the transient loads imposed during the short main propulsion firing. 

The primary 

fueled APU powered capability during 2 2  

5.2.4.3.4 Vertical Flight Test - The APU will be subjected to normal 

variations in hydraulic and electrical demand and will experience up to 4.25 G ' s  

acceleration while operating. In addition the APU system will have been subjected 

to vacuum condition while operating. 

APU's will be verified. 

in Paragraph 5.2.4.3.2 will be compared to that predicted for these conditions 

based upon the ground development tests described in Paragraph 5.2.4.3.1. 

Smooth switching between the JP4 and cryogenic 

The performance characteristics from the tests described 
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5.2.4.5 Booster APU Acceptance Testing - Booster APU acceptance testing will 

begin with post manufacturing check out and be complete following a satisfactory 

subsystem check out following the FIG. A detailed component check out including 

leakage, functional and redundancy verification will be made as a part of the 

subsystem checkwut following manufacturing. 

acceptable tolerances. The components will be exercised as a part of the combined 

subsystem check out to verify APU compatibility with related subsystems similar to 

a launch condition. 

operationally functioned during ramp testing and horizontal flight test demonstra- 

tions. JP combustor performance, compatibility and redundance will be functionally 

demonstrated during these tests. 

functionally demonstrated during the FRF including a demonstration of the power 

transfer from the 0 -H combustor-turbine to the JP fueled combustor-turbine sub- 

system. Performance for all tests must be within component and CEI specification 

limits. 

Performance must be within operational 

The JP fueled APU combustor-turbine subsystem will be 

The 02-H2 combustor-turbine performance will be 

2 2  
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5.3 Avionics Group 

5.3.1 In tegra ted  Avionics 

5.3.1.1 System Descr ip t ion  - The booster  Avionics system implements t h e  

guidance and navigat ion,  f l i g h t  c o n t r o l ,  d a t a  management, communications and 

navaids ,  d i s p l a y s  and c o n t r o l s ,  and sof tware func t ions .  Figure 5.3-1 i s  a 

s impl i f i ed  diagram which shows t h e  av ionics  system f e a t u r e s ,  t h e  f i v e  subsystems, 

and t h e  required equipment including those  i t e m s  unique t o  t h e  o r b i t e r  o r  boos te r .  

Key f e a t u r e  of t h e  system organiza t ion  i s  t h a t  a cen t r a l i zed  computer/data bus/ 

area mult iplexing concept is  used. 

A f a i l  ope ra t iona l - f a i l  ope ra t iona l - f a i l  s a f e  c a p a b i l i t y  i s  implemented by 

using four  i d e n t i c a l  equipments f o r  s a f e t y  func t ions ,  t h r e e  i d e n t i c a l  equipments 

f o r  mission success  func t ions ,  and e i t h e r  one o r  two i d e n t i c a l  equipments f o r  

convenience func t ions .  Redundant s t r i n g s  of t h e  av ionics  system are phys ica l ly  

separated by i n s t a l l i n g  t h e  equipment i n t o  two major bays, one on each s i d e  of t h e  

v e h i c l e  near  t h e  cabin.  

ment. 

shows t h e  equipment i n s t a l l a t i o n  loca t ions .  

Mid-ship and a f t  bays a l s o  accommodate av ionics  equip- 

A l l  equipment bays are a c c e s s i b l e  f o r  ground maintenance. Figure 5.3-2 

The system design is based on ex tens ive  use  of techniques,  concepts,  

and modified product l i n e  equipments t h a t  w i l l  have a s i g n i f i c a n t  development 

h i s t o r y  by t h e  1972 t i m e  period e i t h e r  i n  space o r  a i r c r a f t  programs. 

Addit ional  information about p a r t i c u l a r  av ionics  subsystems is  included i n  

subparagraphs 5.3.2 through 5.3.7. 

5.3.1.2 T e s t  Requirements and J u s t i f i c a t i o n  - The genera l  av ion ic s  test 

requirements are de l inea ted  i n  Figure 5.3-3. Addit ional  s p e c i f i c  test requi re -  

ments app l i cab le  t o  ind iv idua l  subsystems are noted i n  t h e  app l i cab le  subparagraph 
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GENERAL AVIONICS TEST REQUIREMENTS 

TEST REQUIREMENTS 

Qual i fy  items t o  environments appl ic-  
a b l e  t o  s p e c i f i c  space s h u t t l e  usage. 

Demonstrate subsystem performance 
f o r  t h e  spectrum of mission condi- 
t i o n s ;  including opera t ion  at nominal 
and of f  nominal condi t ions.  

Verify func t iona l  compat ib i l i ty  
of t h e  subsystems with t h e  c r e w  and 
o t h e r  i n t e r f a c i n g  v e h i c l e  and GSE 
subsystems. 

Verify func t iona l  compat ib i l i ty  of 
t h e  av ionics  subsystems with t h e i r  
e x t e r n a l  i n t e r f a c e s  (e.g., mission 
c o n t r o l  and range f a c i l i t i e s ) .  

Demonstrate subsystem design which 
permits  onboard and independent 
recogni t ion  and cor rec t ion  of 
c r i t i c a l  malfunctions. 

In tegra ted  subsystem tests a r e  
required a f t e r  i n s t a l l a t i o n  of t h e  
LRU'S and system components i n  
t h e  vehic le .  

Combined system tests are required 
following completion of t h e  i n s t a l l a -  
t i o n  of i n t e r r e l a t e d  systems (e.g., 
Comm-Navaids and DMU, DMS and Control 
and Display System), using vehic le  
e l e c t r i c a l  and mechanical i n t e r -  
faces .  

Overall Avionics System acceptance 
tests are required a t  t h e  completion 
of f i n a l  assembly, opera t ing  a l l  
subsystems with onboard checkout 
and c o n t r o l .  

A predel ivery f l i g h t  ac-eptance 
test is required on t h e  completed 
v e h i c l e ,  u t i l i z i n g  t h e  t o t a l  
avionic  system, propuls ion and 
mechanical system t o  check proper 
opera t ion  of a l l  subsystems t h a t  
w i l l  opera te  during h o r i z o n t a l  
f l i g h t .  

JUSTIFICATION 

Required t o  v e r i f y  environmental 
compat ib i l i ty  of t h e  i t e m ,  o r  t o  
support design q u a l i f i c a t i o n  
a n a l y s i s ,  and assure  c r e w  s a f e t y  
and mission success. 

Required t o  provide e a r l y  develop- 
ment and v e r i f i c a t i o n  of subsystem 
design and thereby reduce the  r i s k  
of c o s t l y  design changes a t  a la ter  
t i m e  i n  the  program. 

These tests are required t o  v e r i f y  
v e h i c l e  system design compatibi l i ty  
and assure  spec i f ied  performance 
and c r e w  s a f e t y .  They are required 
p r i o r  t o  t h e  a v a i l a b i l i t y  of a 
f l i g h t  vehic le ,  t o  minimize c o s t s  
and r i s k  associated with any need 
f o r  major design changes encounter;. 
ed later i n  t h e  program. 

This  i s  necessary t o  subs tanf ia te  
o v e r a l l  system design and t o  assure  
Space S h u t t l e  System operat ional  
c a p a b i l i t i e s .  

, .  

Required t o  assure  design s a f e t y  and 
thereby enhance crew s a f e t y  and 
probabi l i ty  of mission success. 

These tests demonstrate the  proper 
funct ioning of t h e  subsystem, t h e  
compatabi l i ty  of t h e  component LRU's 
with each o ther  and t h e  vehic le  
cabl ing and environmental cont ro l  
sys  t e m s  . 
These tests v e r i f y  t h e  i n t e r f a c e s  
between systems and the  vehic le  and 
a r e  required f o r  acceptance of the  
v e h i c l e  i n t o  t h e  f i n a l  assembly 
phase of manufacturing. 

This test v e r i f i e s  the c a p a b i l i t y  of 
t h e  DMS t o  c o n t r o l  and monitor a l l  
systems, v e r i f i e s  electromagnetic 
compatabi l i ty  between operat ing sub- 
systems and provides base l ine  com- 
par i son  of c o n t r o l  and monitor 
parameters between i n i t i a l  (develop- 
ment t e s t )  v e h i c l e  and subsequent 
one. 

This  acceptance test i s  t o  provide 
a complete func t iona l  check of a l l  
systems a s  a p r e r e q u i s i t e  t o  f l i g h t .  
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f o r  t h e  subsystem. 

v e r i f i c a t i o n  of performance which meets o r  exceeds t h e  requirements of the v e h i c l e  

CEI Spec i f ica t ion .  

5.3.1.3 

i n  Figure 5.3-4. 

and LRU q u a l i f i c a t i o n ,  subsystem development and i n t e g r a t i o n ,  and av ion ic s  

system in t eg ra t ion .  Acceptance tests inc lude  component tests at the vendors,  

These requirements are d i r ec t ed  toward system des ign  

T e s t  Approach and Rat iona le  - The base l ine  test  approach is  shown 

Ground tests inc lude  component and LRU development, component 

f ac to ry  tests, and p r e f l i g h t  tests. F l i g h t  tests inc lude  opera t iona l  

v e r i f i c a t i o n  of subsystems during ho r i zon ta l  and v e r t i c a l  (mated) f l i g h t s .  

Component and l i n e  rep laceable  u n i t  development t e s t i n g  i s  conducted t o  

ob ta in  d a t a  f o r  design a n a l y s i s  and t o  v e r i f y  des ign  approaches. 

development tests include high temperature antenna window t r a n s m i s s i b i l i t y  a t  

operat ing frequencies ,  antenna p a t t e r n s ,  gyro d r i f t  performance, and gimbal servo 

loop performance f o r  t h e  IMU. 

magnetic r a d i a t i o n  and s u s c e p t a b i l i t y ,  bu i l t - i n - t e s t  f o r  malfunction de tec t ion ,  

t r a n s i e n t  vo l t age  p ro tec t ion  inc luding  power i n t e r r u p t s ,  and l imi t ed  service 

proof.  

Typical component 

Typical LRU development tests include e l ec t ro -  

Qua l i f i ca t ion  tests are conducted t o  support  q u a l i f i c a t i o n  of production 

prototype components o r  subassemblies of t h e  v e h i c l e  av ionics  system. These tests, 

design a n a l y s i s  of development tests, and a n a l y s i s  of similar q u a l i f i e d  hardware 

are used ind iv idua l ly  o r  i n  combination t o  support  t h e  con t r ac to r ' s  recommendations 

as t o  q u a l i f i c a t i o n  s t a t u s  of hardware. Details of the MDAC approach t o  equip- 

ment q u a l i f i c a t i o n  i s  i n  Paragraph 4.0 of Sect ion A of t h i s  document. 

Subsystem development and i n t e g r a t i o n  t e s t i n g  is  conducted e a r l y  w i t h  

engineering model and prototype hardware i n  a bench test se tup  t o  a s s u r e  i n t e r f a c e  

compa t ib i l i t y  wi th  t h e  c e n t r a l i z e d  d a t a  bus/computer d a t a  management subsystems. 
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Major subsystem activit ies using f u l l y  redundant hardware are envisioned f o r  d a t a  

management, f l i g h t  con t ro l ,  guidance and navigat ion,  and video d isp lays .  I n  

add i t ion  t o  developing compatible i n t e r f a c e s  wi th  d a t a  management, these a c t i v i t i e s  

are used t o  develop subsystem software including a malfunction d e t e c t i o n  and 

checkout c a p a b i l i t y  where end-to-end tests are p r a c t i c a l  o r  where d a t a  from 

seve ra l  LRU'S i s  needed. 

ducted i n  only one l o c a t i o n  f o r  both o r b i t e r  and boos ter .  

exception i n  t h a t  o r b i t e r  and boos ter  con t r ac to r s  each have a f l i g h t  con t ro l  set- 

UP * 

I n  genera l ,  t h e s e  major subsystems ac t iv i t ies  are con- 

F l i g h t  c o n t r o l  i s  an 

Avionics system i n t e g r a t i o n  t e s t i n g  is  conducted wi th  f u l l y  redundant, 

q u a l i f i c a t i o n  type hardware i n s t a l l e d  i n  an Avionics System T e s t  Unit (ASTU). 

Paragraph 6.1 of t h i s  s e c t i o n  desc r ibes  t h e  ASTU test programs and inc ludes  a 

f i g u r e  of an  conceptual test setup.  

of t h e  t o t a l  av ion ic s  system, including sof tware,  crew s t a t i o n  con t ro l  and d i sp lays ,  

and GSE compat ib i l i ty .  

and computer sof tware func t ion  as a subsystem wi th  f a i l -ope ra t e ,  f a i l -ope ra t e ,  f a i l -  

s a f e  c a p a b i l i t y ,  and t h a t  d a t a  management func t ions  wi th  o ther  av ion ic s  equipment, 

e s p e c i a l l y  t h e  m u l t i p l e  redundancy c a p a b i l i t y  subsystems. 

t r i c a l  system and t h e  av ionics  w i l l  a l s o  be t e s t e d  on t h i s  u n i t .  

Tests using t h e  ASTU w i l l  v e r i f y  i n t e g r a t i o n  

The ASTU w i l l  be used t o  v e r i f y  that the d a t a  management 

In t eg ra t ion  of t h e  elec- 

Hydraulics and c o n t r o l s  tests are supported by av ion ic s  f l i g h t  c o n t r o l  and 

d a t a  management equipment and test sof tware t o  f a c i l i t a t e  c losed loop hydraul ic  

f l i g h t  c o n t r o l s  system i n t e g r a t i o n  and development; 

d i scusses  t h e s e  t o t a l  f l i g h t  c o n t r o l  system tests. 

a c t i v i t i e s  which r e q u i r e  av ion ic s  support  inc lude  d i sp lays  and c o n t r o l s  f o r  

crew s t a t i o n  s imulat ions p l u s  d a t a  management equipment and sof tware f o r  main 

propuls ion,  APU and ACPS. 

Paragraph 6.3 of this s e c t i o n  

Other major test a r t i c l e s  o r  
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I n t e g r a t i o n  v e r i f i c a t i o n  of i n s t a l l e d  systems on t h e  f i r s t  f l i g h t  a r t ic le  

inc ludes  a c t u a l  i n t e r f a c e s  w i t h  some nonavionics subsystems f o r  t h e  f i r s t  time. 

Hence, t h e  f l i g h t  sof tware a s soc ia t ed  wi th  c o n t r o l l i n g  and monitoring t h e s e  

subsystems w i l l  be v e r i f i e d .  

a s s o c i a t e d  with v e h i c l e  checkout, w i l l  be  mated with t h e  av ion ic s  system. 

mission f l i g h t  s imulat ions w i l l  be  conducted wherein t h e  a c t u a l  f l i g h t  software 

and v e h i c l e  systems are used and only v e h i c l e  f l i g h t  is simulated. 

v e r t i c a l  (mated) f l i g h t ,  t h e  orbi ter-booster  d a t a  t r a n s f e r  i n t e r f a c e s  are 

v e r i f i e d  . 

The GSE, as w e l l  as t h e  ground and f l i g h t  sof tware 

F i n a l l y ,  

P r i o r  t o  

The approach t o  acceptance t e s t i n g  f o r  t h e  av ion ic s  system i s  descr ibed i n  

t h e  following sec t ions .  Component and LRU t e s t i n g  of av ion ic s  components w i l l  be 

accomplished p r i o r  t o  i n s t a l l a t i o n  i n  t h e  v e h i c l e  (Reference Paragraph 5.0 

of Sect ion A ) .  

Acceptance t e s t i n g  of each av ion ic s  subsystem w i l l  b e  conducted with t h e  

subsystem components connected t o  v e h i c l e  cab l ing ,  and i n s t a l l e d  at an appropr i a t e  

p o i n t  i n  t h e  assembly flow. I n t e r f a c e s  w i t h  o the r  subsystems w i l l  be simulated. 

The subsystem w i l l  be f u n c t i o n a l l y  t e s t e d  i n  normal and redundancy modes 

t y p i c a l  of mission ope ra t ing  cond i t ions ,  including nominal and off-nominal 

i n t e r f a c e  inputs .  I d e a l l y  t h e  ope ra t ion  of t h e  Data Management System, c e n t r a l  

computer, d a t a  bus, d i g i t a l  i n t e r f a c e  u n i t s  and a s soc ia t ed  sof tware w i l l  have 

been v e r i f i e d  f i r s t .  I f  t h i s  is  prevented by t e c h n i c a l  o r  schedule problems, 

a n  a l t e r n a t e  is t o  develop d a t a  bus i n t e r f a c e  s imulators  t o  support t h e  tests. 

End-to-end t e s t i n g  w i l l  be  employed us ing  the on-board checkout software.  

Operation of B I T  and malfunction d e t e c t i o n  c i r c u i t r y  w i l l  be  v e r i f i e d .  I n  t h e  

case of redundant subsystems, t h e  computer vo t ing  and conf igu ra t ion  management 

f u n c t i o n s  w i l l  b e  checked. 
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Combined systems acceptance tests w i l l  be preformed upon t h e  completion of 

t h e  i n s t a l l a t i o n  of  i n t e r r e l a t e d  systems. F l i g h t  hardware w i l l  be  used wi th  

v e h i c l e  cab l ing  and environmental c o n t r o l  t o  demonstrate t h a t  electrical and 

mechanical i n t e r f a c e s  provide s p e c i f i c a t i o n  performance. Typical of t h e s e  i n t e r -  

faces are communication Navaids and IMU, DMS and C r e w  S t a t i o n  Controls  and D i s -  

p lays ,  F l i g h t  Control System and Hydraulics.  This  test phase w i l l  be  completed 

be fo re  t h e  start of f i n a l  assembly operat ions.  

be used with GSE support  as necessary t o  f u n c t i o n a l l y  test  t h e  systems. 

Onboard check ou t  c a p a b i l i t y  w i l l  

An o v e r a l l  av ion ic  system acceptance test w i l l  be  performed on completion 

of f i n a l  assembly ope ra t ing  a l l  av ion ic s  systems wi th  onboard checkout and c o n t r o l .  

This  test demonstrates t h e  c a p a b i l i t y  of t h e  DMS t o  c o n t r o l  and monitor a l l  systems. 

System performance i s  c l o s e l y  monitored f o r  any evidence of spurious ope ra t ion  

due t o  e lectromagnet ic  i n t e r f e r e n c e  between i n s t a l l e d  systems, ca lb ing  and GSE. 

Parameter va lues  observed during t h i s  test provide t h e  i n i t i a l  e n t r i e s  i n  t h e  

performance d a t a  bank f o r  t h e  development of t r end  da ta .  

f l i g h t  conf igu ra t ion  wi th  t h e  GSE t h a t  w i l l  be used i n  support of f l i g h t  test .  

The v e h i c l e  w i l l  be i n  

F l i g h t  tests w i l l  v e r i f y  s a t i s f a c t o r y  subsystem ope ra t ion ,  and t h e  f u n c t i o n a l  

and o p e r a t i o n a l  i n t e r f a c e s  of t h e  v a r i o u s  elements of t h e  av ion ic s  subsystem. The 

i n t e r f a c e  between t h e  Avionics and o t h e r  booster  subsystems, such as hydrau l i c s ,  

electrical ,  environmental c o n t r o l ,  c r e w ,  etc. w i l l  be  v e r i f i e d .  T h i s  v e r i f i c a t i o n  

w i l l  i nc lude  electromagnet ic  c o m p a t i b i l i t y  (EMC) between t h e  booster  av ion ic s  

and o t h e r  subsystems. To f a c i l i t a t e  th i s  v e r i f i c a t i o n ,  t h e  av ion ic s  system of 

t h e  f i r s t  h o r i z o n t a l  test v e h i c l e  s h a l l  b e  as c l o s e  t o  a production conf igu ra t ion  

as possible .  It w i l l  b e  v e r i f i e d  that t h e  Development F l i g h t  Instrumentat ion 

system i s  compatible wi th  t h e  production av ion ic s  system and does no t  degrade 

subsystem ope ra t ion  i n  any r e spec t .  These v e r i f i c a t i o n s  w i l l  b e  obtained,  con- 
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c u r r e n t l y  wi th  o the r  test ob jec t ives ,  by subsystem opera t ion  i n  a l l  app l i cab le  

modes i n - f l i g h t ,  p r i o r  t o  f i r s t  manned v e r t i c a l  f l i g h t .  

check of ope ra t iona l  i n t e r f a c e s  and EMC w i l l  be  performed p r i o r  t o  committal t o  

prepara t ion  f o r  v e r t i c a l  launch. 

An i n f l i g h t  v e r i f i c a t i o n  

Vertical takeoff  f l i g h t  opera t ion  of t h e  Avionics subsystem w i l l  be  preceded 

by ex tens ive  t e s t i n g  of func t iona l  c a p a b i l i t y  i n  t h e  ho r i zon ta l  f l i g h t  test pro- 

gram. 

w i l l  be t h e  v e r i f i c a t i o n  of s a t i s f a c t o r y  subsystems opera t ion  p r i o r  t o ,  during,  

and a f t e r  exposure t o  launch, a s c e n t ,  on-orb i t ,  e n t r y ,  and t r a n s i t i o n ,  along wi th  

v e r i f i c a t i o n  of t h e  func t iona l  and ope ra t iona l  i n t e r f a c e s  of t h e  va r ious  elements 

of t h e  av ion ic s  subsystem among themselves and wi th  o ther  v e h i c l e  subsystems. 

The primary ob jec t ive  of t h e  av ion ic s  po r t ion  of t h e  v e r t i c a l  test program 

This  v e r i f i c a t i o n  w i l l  inc lude  electromagnet ic  compa t ib i l i t y  (EMC) between t h e  

booster  av ion ic s  and o the r  subsystems, inc luding  t h e  mated o r b i t e r  subsystems. 

Throughout t h e  av ion ic s  development and v e r i f i c a t i o n  test program, i d e n t i c a l  

GSE i s  used a t  t h e  vendors,  MDAC, assembly and launch s i te .  Th i s  i s  done t o  

a s s u r e  t h a t  support  equipment requirements are f u l l y  assessed and t h a t  t h e  equip- 

ment which i s  provided is  compatible wi th  t h e  subsystems and procedures which 

are developed. 
5 

Figure 5.3-5 summarized t h e  s i g n i f i c a n t  information on t h e  development 

and v e r i f i c a t i o n  test program. Figure 5.3-6 p re sen t s  t h e  b a s e l i n e  schedule of 

t h e s e  development and v e r i f i c a t i o n  tests. 

5.3.2 Guidance and Navigation (G&N) 

5.3.2.1 Subsystem Descr ip t ion  - G&N equipment f o r  t h e  o r b i t e r  inc ludes  4 

i n e r t i a l  measurement u n i t s  (IMU). Computations are performed i n  t h e  d a t a  manage- 

ment c e n t r a l  computers. 

5.3.2.2 T e s t  Requirements and J u s t i f i c a t i o n  - I n  a d d i t i o n  t o  those  requi re -  

ments i n  Paragraph 5.3.1.2 t h e  fol lowing are s i g n i f i c a n t  t o  t h i s  subsystem. 
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REQUIREMENT 

Verify t h e  performance of t h e  guid- 
ance and navigat ion subsystem (e.g., 
range, accuracy, e t c . ) .  

Acceptance test of t h e  i n s t a l l e d  
subsystem w i l l  be  required.  

Combined system acceptance tests are 
required when t h e  v e h i c l e  assembly 
is complete. 

JUSTIFICATION 

Required t o  v a l i d a t e  design. 

Mechanical alignment of t h e  IMU t o  
t h e  v e h i c l e  s t r u c t u r e  must be v e r i -  
f i e d .  These tests w i l l  a l s o  v e r i f y  
t h e  i n t e r f a c e s  between components 
and v e h i c l e  cabl ing.  

These tests u t i l i z e  t h e  onboard 
checkout software,  comm-navaids 
inpu t s ,  and system BIT t o  check 
IMU c a l i b r a t i o n ,  s c a l e  f a c t o r ,  n u l l  
s h i f t  and d r i f t .  The tests a l s o  
demonstrate t h e  a b i l i t y  of t h e  
system BIT t o  d e t e c t  malfunction 
and make c o r r e c t  i n d i c a t i o n s  t o  
t h e  crew. 

5.3.2.3 T e s t  Approach and Rat iona le  - I n  a d d i t i o n  t o  t h e  normal sensor 

development tests, such a s  performance eva lua t ion  of gyros,  accelerometers, and 

servo-loops,  t h e  IMU may need t o  undergo s l e d  tests i f  not  a l ready  done on another  

program. A s i g n i f i c a n t  i n t e g r a t i o n  a c t i v i t y  is t o  v e r i f y  IMU, i n s t a l l a t i o n /  

alignment on t h e  naviga t ion  bases .  

test f a i l u r e  d e t e c t i o n  v e r i f i c a t i o n s  and r econf igu ra t ion  l o g i c  tests where t h e  

Other i n t e g r a t i o n  a c t i v i t i e s  inc lude  bui l t - in -  

c e n t r a l  computer performs f a i l u r e  d e t e c t i o n  and switchover.  

Both ground and f l i g h t  tests (both h o r i z o n t a l  and v e r t i c a l )  are used t o  

v e r i f y  G&N sof tware inc luding  area naviga t ion  and te rmina l  landing as w e l l  as 

ascent  and e n t r y  opera t ions .  

I n s t a l l e d  subsystem acceptance tests w i l l  be  conducted when t h e  components 

of t h e  subsystem are i n s t a l l e d  i n  t h e  veh ic l e  on s t r u c t u r a l  mounting r e fe rence  

p o i n t s  and are connected t o  v e h i c l e  cabl ing .  On i n i t i a l  i n s t a l l a t i o n  checks,  t h e  

alignment of t h e  naviga t ion  base t o  t h e  v e h i c l e  s t r u c t u r e  w i l l  be  determined f o r  
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f u t u r e  use  i n  determining poss ib l e  need f o r  realignment a f t e r  a number of f l i g h t s .  

The  subsystem w i l l  be  powered via v e h i c l e  bus. 

w i l l  be ope ra t ive  and w i l l  be used t o  provide onboard checkout sof tware program 

t o  tes t  t h e  Guidance and Navigation system, s imulate  malfunctions and perform 

The  d a t a  management system (DMS) 

redundancy management. 

t h e  r e s u l t s  compared wi th  those  obtained during t h e  LRU acceptance tests. 

The I N  gyrocompassing func t ion  w i l l  be  exercised and 

Combined system acceptance tests w i l l  be performed upon completion of f i n a l  

assembly and w i l l  involve t h e  Guidance and Navigation subsystem and i t s  i n t e r f a c e s  

with t h e  Corn-navaids subsystem, DMS, and t h e  electrical power system. The tests 

w i l l  be  conducted using on-board checkout software.  

self-check f e a t u r e s  w i l l  be  exerc ised .  The vot ing  l o g i c  of t h e  DMS and i ts  

redundancy switching c a p a b i l i t y  w i l l  be v e r i f i e d .  

navaids subsystem w i l l  be checked by i n s e r t i n g  simulated p o s i t i o n  update information 

and observing t h e  response of the  system. 

The I M U  gyrocompassing and 

The i n t e r f a c e  with t h e  Comm- 

Horizontal  f l i g h t  t e s t i n g  of t h e  guidance and navigat ion w i l l  p r imar i ly  con- 

sist  of ve r i fy ing  t h e  performance and accuracy of t h e  i n e r t i a l  measurement u n i t s  

(IMU) i n  an  i n s t a l l e d  environment. Alignment and updating c a p a b i l i t i e s  w i l l  be  

evaluated.  Redundancy switching c a p a b i l i t i e s  and e f f e c t s  w i l l  be  v e r i f i e d .  The 

absence of v e h i c l e  a t t i t u d e  e f f e c t s  w i l l  be v e r i f i e d ,  a s  f a r  as poss ib l e  i n  air-  

plane f l i g h t .  The proper func t ioning  of t h e  i n t e r f a c e s  between t h e  IMU, central 

computer, and t h e  f l i g h t  con t ro l  system, and t h e  c o n t r o l  and d i sp lay  subsystems 

w i l l  be v e r i f i e d  i n  a f l i g h t  environment. U s e  of t h e  ground t racking  network 

a t  EAFB t o  provide space pos i t i on ing  w i l l  be  required f o r  t h e  system accuracy 

eva lua t ion .  

The v e r t i c a l  f l i g h t  test program w i l l  expand the v e r i f i c a t i o n  of the perform- 

ance and accuracy of t h e  i n e r t i a l  measurement u n i t s  (IMU's). Alignment and up- 
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d a t i n g  c a p a b i l i t i e s  of t h e  IMU's w i l l  be evaluated.  

c a p a b i l i t i e s  and e f f e c t s  w i l l  be v e r i f i e d .  

Redundancy switching 

The a b i l i t y  t o  provide accu ra t e  

veh ic l e  a t t i t u d e ,  rate, v e l o c i t y ,  and pos i t i on  d a t a  under a l l  f l i g h t  condi t ions  

w i l l  be v e r i f i e d .  The proper func t ioning  of i n t e r f a c e s  between t h e  IMU, t h e  

d a t a  bus,  t h e  c e n t r a l  computer, and t h e  f l i g h t  c o n t r o l s  and con t ro l  and d i sp lay  

subsystems w i l l  be v e r i f i e d  during launch, a scen t ,  en t ry ,  t r a n s i t i o n ,  and landing.  

5.3.3 Communications and Navaids 

5.3.3.1 Subsystem Descr ip t ion  - Communications equipment f o r  t h e  booster  

includes 3 UHF sets and s e v e r a l  intercom s t a t i o n s .  Navaid equipment inc ludes  

3 DME sets, 3 VOR sets, 3 radar  altimeter sets, and 3 ILS sets. Each 

equipment set inc ludes  appropr i a t e  antennas.  

5.3.3.2 T e s t  Requirements and J u s t i f i c a t i o n  - I n  add i t ion  t o  those  requi re -  

ments i n  Paragraph 5.3.1.2 t h e  following are s i g n i f i c a n t  t o  t h i s  system. 

REQUIREMENT JUSTIFICATION 

Verify t h e  performance l i m i t s  of t he  
communication and naviga t ion  a i d s  
subsystems (e.g., range, accuracy, 
e t c . )  . 
Verify t h a t  antenna loca t ions  do not  
cons t r a in  v e h i c l e  a t t i t u d e  during 
opera t ions .  

Acceptance tests of t h e  i n s t a l l e d  
subsystem are requi red .  

Combined system acceptance tests of 
t h e  Comm-Navaids subsystem are 
requi red  when t h e  v e h i c l e  is  
completely assembled. 

Required t o  v a l i d a t e  subsystem 
des ign  thereby minimizing 
ope ra t iona l  

Required t o  
ope ra t iona l  

This  series 

r i s k s .  

a s su re  optimum 
f l e x i b i l i t y  . 
of tests are required 

t o  v e r i f y  i n t e r f a c e s  between t h e  
subsystem and t h e  v e h i c l e  cabl ing  
i n t e r f a c e .  

These tests v e r i f y  t h e  c o n t r o l  and 
monitor func t ions  between t h e  DMS 
and t h i s  system. The compat ib i l i ty  
of t h e  comm-navaid outputs  w i th  t h e  
G/N system, and t h e  a b i l i t y  of t h e  
IMS t o  i n t e r p r e t  BIT i nd ica t ions  of 
malfunctions and t ake  appropr i a t e  
a c t i o n  wi th  t h e  s e l e c t i o n  of a 
redundancy. 
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5 . 3 . 3 . 3  Test Approach and Rationale - Since many of the antennas are on the 
vehicle bottom and must operate during aerocruise after exposure to entry thermal 

effects, emphasis is placed on antenna development. Screening tests are conducted 

to evaluate promising window materials. 

window, and vehicle structure are conducted to verify the design. 

tests are conducted using vehicle scale models (partial or complete sections) and 

pattern analysis performed for each antenna to verify that antenna patterns and 

Integration testing of the antenna, 

Antenna pattern 

locations do not constrain vehicle attitude during operations. 

Special attention is required for the DME equipment to assure adequate naviga- 

tion accuracy during the terminal approach and landing phases to provide an auto- 

matic landing capability. The DME equipment must be compatible with conventional 

VORTAC ground stations for ferry flights and normal VFR landing as well as pre- 

cision DME ground stations for automatic landings. 

Horizontal flight tests are used to validate performance of the navigation 

software, navaid equipment, and ground equipment planned for the operational phase. 

Installed subsystem acceptance tests will be performed after the components 

are installed in the vehicle and will use vehicle cabling, DMS and environmental 

control system. 

reception of local navigational services (or simulation by small portable genera- 

tors) to perform end-to-end checks of each link and demonstrate the redundancy 

switching capability of the DMS. 

operating modes and interfaces (vehicle to ground, inter-vehicular etc.). The 

system will be observed for any indications of spurious operation that might be 

caused by electromagnetic interference. 

The onboard checkout software will be used together with open loop 

The intercom system will be checked in its various 

Upon completion of final assembly of the vehicle the comm-navaids system will 

be subjected to a combined systems test to demonstrate proper functioning with the 

G&N system, crew station, DMS and the BIT indications of malfunction aid equipment 
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switching. 

generators  where requi red .  

i n i t i a l  po in t s  f o r  f u t u r e  t rend  ana lys i s .  

w i l l  be checked t o  determine f l i g h t  readiness  of t h e  vehic le .  

and navaids t e s t i n g  i n  t h e  h o r i z o n t a l  f l i g h t  mode w i l l  b e  pr imar i ly  concerned wi th  

v e r i f y i n g  t h e  i n s t a l l e d  accuracy and range of t h e  navaids (VOR, DME, ILS) and t h e  

radar  altimeter. 

a l t i t u d e  versus  ind ica ted  va lues  w i l l  be  required.  The e f f e c t s  of a l t i t u d e  rate of 

change, f l i g h t  a t t i t u d e ,  and conf igura t ion  on system performance w i l l  be evaluated.  

The test w i l l  u se  t h e  onboard checkout sof tware,  and s imula t ion  

System parameters w i l l  be recorded t o  e s t a b l i s h  t h e  

A l l  c o n t r o l  and monitoring func t ions  

The communications 

Ground t racking  f o r  comparison of a c t u a l  v e h i c l e  p o s i t i o n  and 

Antenna coverage f o r  a31 subsystems w i l l  be evaluated i n f l i g h t  t o  c o r r e l a t e d  

wi th  ground test and design da ta ,  and a i d  i n  system performance v e r i f i c a t i o n .  

Redundancy switching c a p a b i l i t i e s  and e f f e c t s  w i l l  be  v e r i f i e d .  

The opera t ion  of t h e  UHF communication and c r e w  intercom systems w i l l  b e  

v e r i f i e d  concurrent ly  wi th  o ther  ho r i zon ta l  f l i g h t  test objec t ives .  

func t ion ing  of t h e  i n t e r f a c e s  between t h e  communication and navaid subsystems, wi th  

t h e  d a t a  bus and t h e  c o n t r o l  and d i sp lay  subsystems w i l l  be v e r i f i e d  i n  t h e  

ho r i zon ta l  f l i g h t  environment. 

The proper 

The opera t ion  of t h e  communications and navaids i n  the  ope ra t iona l  landing 

area a t  KSC w i l l  be  f l i g h t  check-verif ied,  p r i o r  t o  t h e  f i r s t  manned vertical  launch. 

The s a t i s f a c t o r y  opera t ion  of t h e  UHF communication, and crew intercom systems 

(both i n t e r n a l  and between mated veh ic l e s )  w i l l  be  evaluated and v e r i f i e d  con- 

c u r r e n t l y  wi th  o the r  vertical f l i g h t  test ob jec t ives .  

a t t i t u d e  e f f e c t s  w i l l  be  evaluated i n  f l i g h t  and co r re l a t ed  wi th  ho r i zon ta l  f l i g h t  

test, ground test, and des ign  da ta .  

S igna l  s t r e n g t h s  and v e h i c l e  

The proper func t ioning  of t h e  i n t e r f a c e s  
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with t h e  c o n t r o l  and d i sp lay  subsystems during and a f t e r  exposure t o  e n t r y  w i l l  be 

v e r i f i e d .  The proper func t ioning ,  accuracy, and range of t h e  approach and landing 

navaids (VOR, DME, ILS) and t h e  radar  altimeters a f t e r  exposure t o  the  f u l l  mission 

environment w i l l  be  obtained by comparing t h e i r  performance with t h a t  observed i n  

t h e  ho r i zon ta l  a i r p l a n e  f l i g h t  test program. 

5.3.4 F l i g h t  Control  Avionics 

5.3.4.1 Subsystem Descr ip t ion  - F l i g h t  c o n t r o l  av ionics  equipment f o r  t h e  

Booster includes two d i f f e r e n t  e l e c t r o n i c  packages and four  d i f f e r e n t  sensor 

packages. 

t h r u s t  vec tor  c o n t r o l  a c t u a t o r s  while  t he  t h r u s t e r  e l e c t r o n i c s  provides c o n t r o l  of 

r e a c t i o n  j e t  engines.  

3-axis rate gyro package, a 2-axis accelerometer package, a s t a t i c  pressure  sensor ,  

and t o t a l  temperature/pressure sensors .  A t t i t ude  re ference  d a t a  is provided by the  

G&N IMU during a l l  f l i g h t  phases. 

management c e n t r a l  computer. 

c e n t r a l  computer is quad-redundant. 

The a c t u a t o r  e l e c t r o n i c s  provides c o n t r o l  of su r f ace  a c t u a t o r s  and 

Sensors which are used during atmospheric f l i g h t  inc lude  a 

A l l  computat ions-are  performed by t h e  da t a  

A l l  f l i g h t  c o n t r o l  equipment including t h e  IMU and 

5.3.4.2 T e s t  Requirements and J u s t i f i c a t i o n  - I n  add i t ion  t o  those require-  

ments i n  Paragraph 5.3.1.2 the  following are 

REQUIREMENT 

Demonstrate c rew- in i t ia ted  over r ide /  
i n t e r r u p t  c a p a b i l i t y  f o r  cr i t ical  
c o n t r o l  func t ions .  

An acceptance test of t h e  i n s t a l l e d  
system w i l l  be  requi red  a t  t h e  
v e h i c l e  assembly poin t .  

Combined systems tests u t i l i z i n g  
low l e v e l  hydraul ic  power w i l l  be 
requi red  a f t e r  f i n a l  assembly. 

s i g n i f i c a n t  t o  t h i s  subsystem. 

JUSTIFICATION 

This is necessary t o  a s su re  f l i g h t  
s a f e t y  . 
This test is requi red  t o  v e r i f y  t h e  
compat ib i l i ty  of t h e  FCS components 
( e l ec t ron ic )  wi th  t h e  mechanical systems 
they i n t e r f a c e  and t h e  veh ic l e ' s  cab l ing  
and environmental con t ro l  system. 

These tests are requi red  t o  demonstrate 
t h a t  t h e  a i r  d a t a  system is  opera t ing  
and t h e  c o r r e c t  opera t ion  of mechanical 
l inkages wi th  simulated s i g n a l s  appl ied  
t o  t h e  d a t a  bus and FCS. Simulated 
s i g n a l s  on t h e  d a t a  bus w i l l  a l s o  be 
used t o  torque t h e  FCS gyros t o  check 
response t i m e .  
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5 . 3 . 4 . 3  T e s t  Approach and Rat ionale ' -  Development of t h e  f l i g h t  c o n t r o l  

equipment inc ludes  demonstration of b u i l t - i n - t e s t  and vo t ing  c a p a b i l i t y .  

gyros and t h e  IMU are t e s t e d  on a motion t ab le .  

su r f ace  and TVC a c t u a t o r  i n t e r f a c e s  takes  p lace  on t h e  Hydraulics and Controls  T e s t  

Unit  (HCTU) whereas ACS t e s t i n g  is a sepa ra t e  test wi th  t h e  ACPS T e s t  Unit. 

Subsystem acceptance tests w i l l  be  conducted wi th  t h e  subsystem components 

R a t e  

Closed loop t e s t i n g  of c o n t r o l  

connected t o  v e h i c l e  cabl ing  and hydraul ic  l ines  when t h e  v e h i c l e  is  i n  t h e  f i n a l  

assembly area. 

The subsystem w i l l  be  func t iona l ly  t e s t e d  t o  the  e x t e n t  poss ib l e  wi th  ground 

hydraul ic  power. 

Where necessary,  i n t e r f a c e s  with o the r  subsystems w i l l  be simulated.  

Data bus c o n t r o l  and monitoring of t h e  subsystem w i l l  be  checked. 

P r i o r  t o  r o l l o u t  from f i n a l  assembly, a combined system acceptance test w i l l  

be performed, 

program w i l l  be  used t o  conduct t h e  test. 

A l l  i n t e r f a c i n g  systems w i l l  be connected. The onboard checkout 

Low level ground hydraul ic  power w i l l  be  

used. The performance of t h e  a i r  d a t a  system and response of SAS and mechanical 

l inkages w i l l  be checked wi th  simulated s i g n a l s  appl ied  t o  t h e  d a t a  bus and FCS. 

The response t i m e  of gyros i n  t h e  FCS system w i l l  be checked. 

Horizontal  f l i g h t  t e s t i n g  of t h e  f l i g h t  c o n t r o l  system is accomplished during 

t h e  f l i g h t  c h a r a c t e r i s t i c s  s t a b ' i l i t y  and c o n t r o l  t e s t i n g .  Flying q u a l i t i e s  w i l l  be  

s i m i l a r l y  evaluated f o r  t h e  va r ious  a u t o p i l o t  modes: angle  of a t t a c k ,  a l t i t u d e  

hold,  and heading hold.  The v e h i c l e ' s  a b i l i t y  t o  maintain angle  of a t t a c k ,  a l t i t u d e ,  

o r  heading wi th in  acceptab le  l i m i t s  w i l l  b e  v e r i f i e d .  The v e l o c i t y  c o n t r o l  auto- 

t h r o t t l e  and speed brake c a p a b i l i t y  w i l l  be  v e r i f i e d ,  Autopi lot  opera t ion  w i l l  be 

evaluated over t h e  a i r p l a n e  f l i g h t  v e l o c i t y  range a t  several a l t i t u d e s .  

e f f e c t s  of gross  weight,  center of g r a v i t y ,  con f igu ra t ion  changes and redundancy 

switching w i l l  be included. 

The 

The accu ra t e  opera t ion  of t h e  a i r  d a t a  sensors  and e l e c t r o n i c s  w i l l  b e  veri- 

f i e d .  This  t e s t i n g  w i l l  i n t e r f a c e  wi th  t h e  static source  c a l i b r a t i o n  f l y i n g  
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descr ibed i n  paragraph 4 . 3 .  

The automatic approach and landing func t ion  of t h e  subsystem w i l l  be  developed 

and v e r i f i e d  during t h e  latter p a r t  of t h e  ho r i zon ta l  f l i g h t  program, a t  t h e  

primary ope ra t iona l  s i te ,  KSC, u t i l i z i n g  t h e  a c t u a l  i n s t a l l e d ,  ope ra t iona l  landing 

navaids p r i o r  t o  v e r t i c a l  f l i g h t s .  

The proper func t ioning  of t h e  f l i g h t  c o n t r o l  subsystem wi th  t h e  d a t a  bus,  t h e  

c e n t r a l  computer, t h e  c o n t r o l  and d i sp lay  av ionic  subsystems, t h e  a i rb rea th ing  

engine c o n t r o l s  , and t h e  aerodynamic c o n t r o l  su r f  ace ac tua to r s  (rudder , and elevons) 

w i l l  be v e r i f i e d  by a c t u a l  opera t ions  during t h e  ho r i zon ta l  f l i g h t  test program. 

The major i ty  of t h e  a u t o p i l o t  mode t e s t i n g  and automatic approach and landing 

t e s t i n g  w i l l  be complete p r i o r  t o  f i r s t  manned o r b i t a l  f l i g h t .  

5.3.5 Data Management and Control 

5.3.5.1 Subsystem Descr ip t ion  - Data management equipment f o r  t h e  Orb i t e r  and 

Booster is i d e n t i c a l  and inc ludes  fou r  c e n t r a l  computers, a system c o n t r o l  u n i t  

(SCU), two mass memory u n i t s ,  two maintenance recorders ,  four  d a t a  busses ,  and 40 

t o  50 D i g i t a l  I n t e r f a c e  Units  (DIU'S). 

d a t a  a c q u i s i t i o n  and d i s t r i b u t i o n ,  and d a t a  s to rage  f o r  a11 v e h i c l e  subsystems. 

This equipment performs onboard computation, 

5.3.5.2 T e s t  Requirements and J u s t i f i c a t i o n  - Addit ional  test requirements 

which are s i g n i f i c a n t  t o  t h e  subsystem are as follows: 
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REQUIREMENT JUSTIFICATION 

, Verify t h a t  t h e  d a t a  subsystem does 
provide s e l f - v a l i d a t i o n  and e r r o r  
pro tec t ion .  

To a s su re  a p ro tec t ion  aga ins t  
erroneous d a t a  f o r  f l i g h t  s a fe ty .  

Verify computer redundancy 
management capab i l i t y .  

Required t o  meet " fa i l -opera te ,  f a i l -  
opera te ,  f a i l - s a fe"  requirement. 

Subsystem checkout and i n t e g r a t i o n  
tests are requi red  f o r  acceptance 

These tests are performed t o  demon- 
strate t h a t  t h e  system opera tes  
properly wi th  t h e  i n t e r f a c i n g  D I U ' s  
and can perform t h e  requi red  redundant 
system con t ro l .  GSE monitoring per- 
formed a t  s p e c i a l  GSE connectors is 
used t o  check test parameters t h a t  are 
not  a v a i l a b l e  i n  normal operat ion.  
These tests w i l l  v e r i f y  t h e  a b i l i t y  of 
t h e  BIT  t o  d e t e c t  and i s o l a t e  m a l -  
func t ions  i n  t h e  system. 

Combined system tests are required 
t o  v e r i f y  opera t ion  of t h e  c o n t r o l  t i o n  of t h e  computer sof tware d i r e c t e d  
and monitoring func t ions  of t h e  DMS tests and BIT ,  demonstrate t h e  auto- 
with a l l  i n t e r f a c i n g  subsystems nomous opera t ion  of t he  system and 
when v e h i c l e  assemble is  completed. develop confidence i n  t h e  f l i g h t  

These tests, which make f u l l  u t i l i z a -  

readiness  of t h e  vehic le .  

5.3.5.3 Test Approach and Rat iona le  - Cent ra l  computer redundancy, d a t a  bus, 

and i n f l i g h t  memory load opera t ions  are i n t e r n a l  t o  d a t a  management and can be 

v e r i f i e d  independent of o the r  subsystems using f u l l y  redundant hardware i n  a bench 

se tup .  

accomplished while  opera t ing  with these  subsystems. 

The D I U ' s  provide t h e  i n t e r f a c e  wi th  o the r  subsystems and v e r i f i c a t i o n  is 

Redundant Computer opera t ion  is new f o r  t h e  s h u t t l e  des ign  and w i l l  r ece ive  

s i g n i f i c a n t  a t t e n t i o n .  

i z a t i o n ,  d a t a  vot ing ,  malfunction de tec t ion ,  and i n i t i a l i z a t i o n .  E s s e n t i a l l y  

synchronized opera t ion  is  necessary during c r i t i c a l  phases such as ascent  and e n t r y  

when a l l  four  computers are powered-up and performing i d e n t i c a l  func t ions .  The SCU 

provides t h e  computers wi th  synchronizat ion s igna l s .  During these  phases, each 

computer rece ives  t h e  same inpu t  d a t a  from redundant subsystems. 

Computer redundancy tests inc lude  v e r i f i c a t i o n  of synchron- 

This r e h n d a n t  
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subsystem input  d a t a  is voted by each computer which selects what i t  b e l i e v e s  is  

t h e  c o r r e c t  i npu t  da t a .  

and a l l  i n t e r n a l  computer ope ra t ions  are c o r r e c t ,  a l l  output  d a t a  should compare 

b i t  by b i t .  

which then provides t h e  switching s i g n a l  from a f a i l e d  computer t o  an ope ra t iona l  

computer. 

powered and performing funct ions.  

f a i l u r e s  (with t h e  a i d  of some b u i l t - i n - t e s t )  w i t h i n  d a t a  management and i s o l a t e  

t h e  f a i l u r e  t o  t h e  D I U ,  bus,  o r  input /output  c o n t r o l  u n i t  level f o r  t h e  purpose of 

switching out  f a i l e d  u n i t s .  When a d d i t i o n a l  computers are f i r s t  powered up, each 

computer must be  i n i t i a l i z e d  with d a t a  from t h e  computer a l r eady  up. 

I f  a l l  computers made t h e  c o r r e c t  s e l e c t i o n  of i npu t  d a t a  

This comparison is  made by t h e  input /output  s e c t i o n s  of computers 

During n o n c r i t i c a l  phases such as o r b i t a l  c o a s t ,  only two computers are 

Hence, each computer is programmed t o  d e t e c t  

Bus ope ra t ion  is  a l s o  new f o r  t h e  Booster. The bus i s  designed t o  have a 

s p e c i f i e d  s i g n a l  t o  n o i s e  r a t i o  and t o  d e t e c t  and e l imina te  t h e  e f f e c t s  of b i t  

e r r o r s  which do occur us ing  h o r i z o n t a l  and vertical  odd p a r i t y  concepts.  

c a t i o n  of an accep tab le  b i t  e r r o r  rate and t h e  a b i l i t y  t o  d e t e c t  and e l i m i n a t e  

e r r o r s  w i l l  be demonstrated. 

Ver i f i -  

Although i n f l i g h t  memory load has  been performed i n  t h e  p a s t ,  s p e c i a l  v e r i f i -  

c a t i o n  of t h e  load concept is requ i r ed  due t o  t h e  requirement of no loaded b i t  

e r r o r s .  This v e r i f i c a t i o n  is  similar t o  t h e  bus,  i .e . ,  proof of an acceptable  b i t  

e r r o r  ra te  from t h e  mass memory and b i t  e r r o r  d e t e c t i o n  and e l imina t ion  by t h e  

computer be fo re  i t  s t o r e s  d a t a  i n  i ts  memory. 

Following demonstration of t h e  i n t e r n a l  d a t a  management ope ra t ions ,  t h e  sub- 

system equipments including D I U ' s  are used f o r  i n t e r f a c i n g  wi th  o t h e r  v e h i c l e  sub- 

s y s  t e m s  . 
When t h e  components of t h e  DMS have been i n s t a l l e d  i n  t h e  v e h i c l e ,  a series of 

tests w i l l  be  conducted t o  v e r i f y  t h e  i n t e r f a c e s  wi th  t h e  several d a t a  buses and 

many D I U ' s .  The onboard checkout sof tware program w i l l  b e  loaded i n  t h e  computer. 
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A r o l l  c a l l  and echo r o u t i n e  w i l l  v e r i f y  response from t h e  D I U ' s ,  s imulated mal- 

func t ions  w i l l  be  introduced t o  determine t h a t  t h e  IOCU and SCU w i l l  perform t h e i r  

malfunction d e t e c t i o n  and co r rec t ion  r o l e s .  

programs from Mass Memory w i l l  be v e r i f i e d .  

t h e  SCU w i l l  be  v e r i f i e d .  Upon completion of t h i s  series of tests t h e  D I U ' s  w i l l  

be  connected t o  t h e  systems they s e r v i c e  and t h e  DMS w i l l  b e  a v a i l a b l e  t o  support  

i n s t a l l e d  system acceptance tests of o the r  subsystems. 

The c a p a b i l i t y  t o  load and unload 

The auto/manual switchover func t ion  of 

When v e h i c l e  assembly is complete and a l l  i n t e r f a c i n g  systems have been con- 

nected t o  t h e  DMS (Data Management System) a combined system test w i l l  be conducted. 

The test w i l l  u se  t h e  onboard checkout program t o  v e r i f y  response from a l l  D I U ' s .  

Simulated malfunctions w i l l  be  i n i t i a t e d  t o  cause t h e  B I T  i n  va r ious  subsystems t o  

c a l l  f o r  redundancy switching by t h e  DMS and f o r  s t a t u s  d i sp l ay  on t h e  Caution and 

Warning system. 

de t ec t ion  and c o r r e c t i o n  c a p a b i l i t y  of t h e  system. A l l  c o n t r o l  and monitor func- 

t i o n s  involving t h e  DMS should be checked during t h i s  test t o  determine t h a t  t h e  

v e h i c l e  and DMS are f l i g h t  ready. 

Data bus f a i l u r e s  w i l l  be  simulated t o  demonstrate t h e  f a i l u r e  

The h ighes t  confidence level i n  t h e  proper opera t ion  of t h e  d a t a  management 

subsystem and i t s  components - ( t h e  d a t a  bus,  c e n t r a l  computer, and system c o n t r o l  

u n i t )  e x i s t  j u s t  a f t e r  performing a mission. 

redundant system i n  t h e  mission environment and comparing t h e  opera t ion  of each 

d a t a  management subsystem b i t  by b i t  i n  real t i m e .  

This is  due to  opera t ing  the  quad- 

The ho r i zon ta l  f l i g h t  test is viewed as t h e  most thorough abso lu te  test of t h e  

d a t a  management subsystem opera t ion  poss ib l e  before  i t  is  r e l i e d  upon as a f l i g h t  

s a f e t y  subsystem during t h e  t i m e  c r i t i c a l  v e r t i c a l  launch phase. 

c r u i s e  f l i g h t  t e s t i n g ,  t h e  quad-redundant d a t a  management subsystem can be 

switched both au tomat ica l ly  and manually because of t h e  non-t ime-cr i t ical  n a t u r e  of 

c r u i s e  f ly ing .  

During ho r i zon ta l  

This  f l e x i b i l i t y  permits  a thorough eva lua t ion  of d a t a  management 
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subsystem ope ra t ion  including s i n g l e  po in t  f a i l u r e  e f f e c t s ,  i.e., t h e  command p i l o t  

could f l y  t h e  a i r p l a n e  wi th  one system whi l e  t h e  p i l o t  performs d i agnos t i c  and 

switching func t ions  us ing  t h e  remaining systems. For example, i f  improper system 

c o n t r o l  u n i t  ope ra t ion  occurs ,  t h e  p i l o t  could perform manual computer switching. 

If software bugs are suspected,  t h e  p i l o t  could r e load  t h e  computer program and re- 

i n i t i a l i z e  t h e  system. This manual switching, memory r e load ,  i n i t i a l i z a t i o n ,  and 

o t h e r  a s p e c t s  of d a t a  management ope ra t ion  w i l l  b e  evaluated and v e r i f i e d  con- 

c u r r e n t l y  wi th  o t h e r  o b j e c t i v e s  during h o r i z o n t a l  f l i g h t s  where proper real t i m e  

ope ra t ion  is not  as f l i g h t  c r i t i c a l  as during ver t ical  f l i g h t s .  

Operation of t h e  d a t a  subsystem and i t s  components ( t h e  d a t a  bus, t h e  c e n t r a l  

computer, and system c o n t r o l  u n i t )  i n  t h e  vertical  f l i g h t  environment w i l l  b e  

v e r i f i e d  concurrent ly  wi th  o t h e r  ver t ica l  test ob jec t ives .  S a t i s f a c t o r y  i d e n t i f i -  

c a t i o n ,  s to rage ,  and u s e  of d a t a  w i l l  b e  v e r i f i e d .  

5.3.6 Displays and Controls 

5.3.6.1 Subsystem Descript ion - The c o n t r o l s  and d i s p l a y s  are t h e  crew-to- 

v e h i c l e  subsystems i n t e r f a c e .  They inc lude  t h r e e  multipurpose Cathode Ray Tube 

(CRT) d i s p l a y s  w i t h  a s soc ia t ed  symbol generators  and camera microviewer assemblies;  

t h r e e  keyboard assemblies;  d u a l  (2) f l i g h t  c o n t r o l  d i s p l a y s  and c o n t r o l s ,  i .e.,  

electromechanical a t t i t u d e  d i r e c t o r  i n d i c a t o r s ,  c e n t e r  c o n t r o l  s t i c k s ,  rudder/brake/ 

nose wheel s t e e r i n g  pedals ,  a t t i t u d e  s i d e  a r m  c o n t r o l l e r ,  and f l i g h t  d a t a  d i a l s ;  

and numerous ver t ica l  scale i n d i c a t o r s ,  l i g h t e d  push bu t ton  switches and subsystem 

management panels.  This equipment is loca ted  i n  t h e  main instrument panel ,  a l e f t  

outboard console ,  a r i g h t  outboard console,  a c e n t e r  console,  t h e  f l o o r  area and an 

overhead panel.  

5.3.6.2 T e s t  Requirement and J u s t i f i c a t i o n  - There are no test requirements 

f o r  t h i s  subsystem, beyond those  which w e r e  l i s t e d  i n  Paragraph 5.3.1.2. 
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5.3.6.3 T e s t  Approach and Rat iona le  - The crew s t a t i o n  d i sp lays  and con t ro l s  

design evolves through use  of ana lys i s ,  models, equipment design,  i n t e g r a t i o n  

t e s t i n g  using cabin mockups wi th  prototype equipment, and f l i g h t  s imulat ions.  

Equipment i s  designed and evaluated f o r  compat ib i l i ty  wi th  t h e  human engineer ing 

a spec t s  of v i s i b i l i t y ,  f e e l ,  touch, temperature,  moisture  proof ,  no i se  generat ion,  

and s a f e t y  inc luding  hazards  due t o  g l a s s  breakage, high vo l t age  a rc ing  and i m -  

plosion/exposions.  

i l lumina t ion ,  work space,  o p e r a b i l i t y  and a c c e s s a b i l i t y .  Paragraph 5.4.2, C r e w  

Systems, inc ludes  a d d i t i o n a l  information as t o  what s imula tors  and mockups w i l l  be 

a v a i l a b l e  f o r  t hese  tests and eva lua t ions .  

The crew s t a t i o n  is  designed and evaluated f o r  adequacy of 

Spec ia l  tests of t h e  CRT d i sp lay  equipment are conducted t o  demonstrate 

adequate phospher l i f e  and pe r s i s t ance ,  TV l i n e  r e s o l u t i o n  and s t a b i l i t y ,  b r igh t -  

ness /cont ras t /grey  shades,  frame rate, symbol and computer da t a  r e g i s t r a t i o n  

accuracy and s t a b i l i t y ,  symbol s i z e  and w r i t i n g  speed, f i l m  loading,  and low no i se  

generat ion.  

I n t e g r a t i o n  t e s t i n g  of t h e  major d i sp l ay  and c o n t r o l  equipment wi th  t h e  

computer/data/bus/DIU equipment is conducted on t h e  Avionics System T e s t  Unit  

(ASTU). Man/machine requirements inc luding  computer addressing,  ove r r ide  and 

c o n t r o l  are a l s o  conducted on t h e  ASTU as w e l l  as on t h e  crew s t a t i o n  mockups,the 

f l i g h t  s imula tor  and t h e  Hydraulics and Control  T e s t  Unit .  

r e g i s t r a t i o n  t e s t i n g  is  conducted i n  an i n t e g r a l  l i g h t i n g  cockpi t  mockup. 

Br ightness /cont ras t /  

Fixed base  s imula t ions  are conducted t o  ga in  p i l o t  acceptance of t h e  crew 

s t a t i o n  d i sp lay  and c o n t r o l  design. 

Acceptance t e s t i n g  t o  v e r i f y  proper func t ioning  of CRT d i sp lays ,  format gener- 

a t o r s ,  and cockpi t  c o n t r o l s  w i l l  be  accomplished by e x e r c i s e  of t h e  onboard checkout 

program. 

i n t e g r a l  p a r t  of subsystem and combined subsystem t e s t i n g .  

The proper opera t ions  of t h e  c o n t r o l s  and d i sp lays  w i l l  be  checked as a n  
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The f u n c t i o n a l  ope ra t ion  of t h e  av ion ic s  c o n t r o l s  and d i s p l a y s  i n  t h e  horizon- 

t a l  f l i g h t  envelope w i l l  b e  v e r i f i e d  concurrent ly  wi th  o t h e r  f l i g h t  test activit ies.  

The proper funct ioning of t h e  d i s p l a y s  and c o n t r o l s  w i th  t h e  c e n t r a l  computer, 

d a t a  bus,  and o t h e r  O r b i t e r  subsystems i n  t h e  h o r i z o n t a l  a i r p l a n e  f l i g h t  mode w i l l  

be v e r i f i e d  by a c t u a l  operat ion.  

The accuracy and l e g i b i l i t y  of displayed information w i l l  be  evaluated during 

t h e  high 'g'  and v i b r a t i o n  environment of a scen t ,  e n t r y ,  and t r a n s i t i o n .  

f l i g h t  t e s t i n g  w i l l  have v e r i f i e d  t h e  approach and landing s u i t a b i l i t y  of t h e  

system, and t h i s  w i l l  be  confirmed by t h e  ver t ica l  takeoff tests. 

Horizontal  

5,3.7 Software 

5.3.7.1 Software Desc r ip t ion  - Three levels of av ion ic s  system software have 

been i d e n t i f i e d  t o  s a t i s f y  t h e  d i v e r s e  requirements of subsystem development test- 

ing ,  av ion ic s  system i n t e g r a t e d  t e s t i n g ,  combined systems tests with equipment in- 

s t a l l e d  i n  t h e  v e h i c l e ,  o the r  major ground test art icles as w e l l  as f l i g h t  test. 

The t h r e e  levels of sof tware are: 

(1) ground test  sof tware program, 

(2) h o r i z o n t a l  f l i g h t  sof tware program, and 

(3) t h e  t o t a l  mission sof tware program. 

The ground test sof tware program w i l l  con ta in  t h e  sof tware t h a t  w i l l  provide the  

b a s i c  av ion ic s  system func t ions  p lus  s p e c i f i c  sof tware test modules t o  s a t i s f y  t h e  

need of t h e  i n d i v i d u a l  test ac t iv i t ies .  The h o r i z o n t a l  f l i g h t  program and t o t a l  

mission sof tware program w i l l  b e  b u i l t  upon t h e  system software and t h e  appropr i a t e  

subsystem test c a p a b i l i t i e s  proven f o r  t h e  ground test program. I n  a d d i t i o n  t o  t h e  

on-board type sof tware,  s imu la t ion  and support  sof tware w i l l  b e  developed t o  provide 

real is t ic  o p e r a t i o n a l  cond i t ions  f o r  t h e  equipment tests and t o  analyze and v e r i f y  

t es t r e s u l t s  . 
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5.3.7.2 Test Requirements and Justification - The software task is defined to 
include those activities attendant with the design and production of a computer 

operational program. The enumeration of the software task elements are: 

(1) integration of the computational requirements defined by the subsystem 

and technological disciplines, 

(2) 

(3) 

functional design and verification of the program, 

implementation processes of coding, assembly, and verification, 

( 4 )  the performance of closed-loop hardware/software validation testing, 

(5) development of the software tools (assemblers/compliers, simulators, 

tape generation programs, etc.), and 

documentation describing the operational program and its utilization. (6) 

5.3.7.3 Test Approach and Rationale - The software development flow is 
illustrated in Figure 5.3-7. The task elements reflect the development of a flight 

(on-board) program, but are applicable to other forms of computer programs, e.g., 

ground support programs, The difference between the nonflight and flight programs 

is the degree of effort expended for a particular task element. 

As part of the development cycle, software verification is accomplished through 

various levels of simulation (scientific and interpretive) and combined hardware/ 

software testing as well as manual audits and desk analyses. The scientific and 

interpretive simulations are all digital representations of the total vehicle and 

avionics system on a mission phase basis. The scientific simulations will be used 

to verify that the integration of the various input requirements has been accomp- 

lished correctly and to provide reference data for the interpretive simulation. 

The interpretive simulation is a basic software tool and provides the means to 

accomplish program debug of the coded program and to perform another level of pro- 

gram verification. In addition, a software laboratory including portions of the 

data management hardware will be used in conjunction with the all-digital 

85.3-27 



MDC E0308 
30 June 7971 

Space Shuttle Program - Phase B Final Report 
PROGRAM ACQUISITION PLANS 

L 

PART 1//-5 
TEST 

FIGURE 5.3-7 
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simulations to further the verification of the software and to establish, within 

the laboratory capabilities, that the software is compatible with the hardware. 

Software acceptance testing will be performed using the software laboratory 

capabilities and customer approved test procedures. Software validation will be 

accomplished using a closed loop hardware/software test facility as described in 

Paragraph 6.2. 
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5.4 C r e w  S t a t i o n  Group 

5.4.1 Environmental Control  and L i f e  Support System 

5.4.1.1 System Descr ip t ion  - The Booster Environmental Cont ro l  and L i f e  Support 

(ECLS) subsystem provides  f o r  crew l i f e  suppor t ,  and thermal c o n t r o l  of equipment 

and h a b i t a b l e  areas f o r  a l l  mission phases.  

subsystems: cabin a i r ,  cabin  cool ing,  water supply,  emergency oxygen, and equip- 

The ECLS i s  comprised of t h e  fol lowing 

ment cool ing.  This s e c t i o n  w i l l  a l s o  consider  t h e  f i r e  ex t inguish ing ,  and fog and 

r a i n  removal subsystems. (Ref Figures  5.4-1 and 5.4-2) 

Cabin a i r  p res su re  i s  maintained by redundant p re s su re  r egu la to r s  which con- 

t r o l  make-up atmosphere from dedica ted  h igh  p res su re  0 2  and N2 supply tanks.  

Emergency 02 i s  suppl ied  from a s e p a r a t e  h igh  p res su re  s t o r a g e  vesse l .  Control 

of C02, t r a c e  contaminants,  and humidity i s  provided by a "purge" system. 

The cabin  cool ing  is  maintained pass ive ly  dur ing  a scen t / r een t ry  and dur ing  

c r u i s e  and f e r r y  by redundant a i r  cyc le  r e f r i g e r a t i o n  packages. These packages 

are suppl ied  by the  c r u i s e  engine compressor b leed  air. Act ive thermal  c o n t r o l  of 

t h e  l iquid-cooled equipment i s  provided by a h e a t  t r a n s f e r  loop which r e j e c t s  h e a t  

t o  a cryogenic hydrogen h e a t  exchanger. 

water is provided by p o r t a b l e  carry-on conta iners  and t h e  f i r e  ex t ingu i she r  

i s  a p o r t a b l e  C02 type. 

5.4.1.2 T e s t  Requirements and J u s t i f i c a t i o n  - The ECLS test requirements are 

d e l i n e a t e d  i n  F igure  5.4-3. 

of performance which meets o r  exceeds t h e  requirements of t he  v e h i c l e  C E I  Spec i f i -  

These are d i r e c t e d  toward system des ign  v e r i f i a a t i o n  

c a t i o n .  

5.4.1.3 T e s t  Approach and Rat iona le  - The MDAC b a s e l i n e  approach ( see  F igure  

5.4-4) is  t h a t  components, LRU'S, and major subassemblies of t h e  ECLS subsystem 

are subcontracted.  The subcon t rac to r s  w i l l  des ign ,  develop and q u a l i f y  ttese 

elements t o  MDAC s p e c i f i c a t i o n s  using MDAC approved procedures.  Design information 

B5.4- 1 
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ENVIRONMENTAL CONTROL AND 
LIFE SUPPORT SYSTEM TEST REQUIREHEWS 

TEST REQUIREMENTS I 
Q u a l i f y  equipment t o  environment 
a p p l i c a b l e  t o  s p e c i f i c  Space S h u t t l e  
usage. 

Verify t h e  f u n c t i o n a l  des ign  and per- 
formance of t h e  ECLS under normal and 
o f f  nominal condi t ions.  

Demonstrate subsystem f a i l u r e  to l e rance .  

Verify subsystem EMC. 

Verify f u n c t i o n a l  compa t ib i l i t y  of 
t h e  ECLS wi th  t h e  c r e w  and o t h e r  
i n t e r f a c i n g  v e h i c l e  and GSE subsystems. 

I d e n t i f y  boundries of thermal c o n t r o l ,  
both high and low h e a t  l oads  i n  con- 
j u n c t i o n  w i t h  va r ious  v e h i c l e  a t t i t u d e s .  

Verify f a t i g u e  l i f e  of ECLS p res su re  

Check s a t i s f a c t o r y  component and 
subsystem assembly, i n s t a l l a t i o n  and 
f u n c t i o n a l  ope ra t ions  a f t e r  manufac- 

Demonstrate s a t i s f a c t o r y  i n f l i g h t  Sub- 
system performance during a l l  mission 

PART 111-5 
TEST 

JUST IF ICATION 

Required t o  v e r i f y  environmental com- 
p a t i b i l i t y  of t h e  i t e m  o r  t o  support  
design q u a l i f i c a t i o n  a n a l y s i s ,  and t o  
a s s u r e  crew s a f e t y  and mission success  

Required t o  a s s u r e  design completeness 
and performance p r i o r  t o  f l i g h t  usage. 
Also minimizes p o t e n t i a l  r i s k  and 
a s soc ia t ed  c o s t s  of changes l a te  i n  
t h e  development program; and, enhances 
crew s a f e t y  and p r o b a b i l i t y  of mission 
success during t h e  f l i g h t  test program 

Required t o  v e r i f y  t h a t  components, 
and subsystems as manufactured and as 
i n s t a l l e d  i n  t h e  v e h i c l e  have been 
properly assembled, and w i l l  perform 
f u n c t i o n  w i t h i n  des ign  s p e c i f i c a t i o n s .  

Required f o r  f i n a l  v e r i f i c a t i o n  of 
subsystem performance. 

FIGURE 5.4-3 
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and component development tests are conducted i n  support  of design a n a l y s i s  and t o  

v e r i f y  des ign  approaches. 

r e spons ib l e  f o r  components and major subassemblies t o  demonstrate t h a t  MDAC design 

requirements are m e t .  

ter which i s  compatible w i t h  t h e  subsystem, and development of a cryogenic h e a t  

exchanger w i t h  adequate c o n t r o l  response t h a t  does n o t  s u b j e c t  t h e  system t o  

extremely low temperature. 

s t o r a g e  tanks which m e e t  a 10  yea r  l i f e  requirement. These tests are conducted w i t h  

engineering prototype ECLS hardware and simulated environmental and subsystem i n t e r -  

f aces .  Tests w i l l  eva lua te  leakage,  l i n e  f lows,  heat  t r a n s f e r ,  c o n t r o l  response,  

service needs, duty cyc le ,  and electromagnet ic  compatibi l i ty .  The equipment mount- 

ing cold r a i l s  and co ld  p l a t e s  are designed and developed by MDAC. 

and s t r u c t u r a l  i n t e g r i t y  t e s t i n g  of t hese  i t e m s  is  conducted i n  t h e  MDAC l a b o r a t o r i e s .  

Much of  t h e  t e s t i n g  is accomplished by subcon t rac to r s  

P a r t i c u l a r  emphasis i s  placed on s e l e c t i o n  of a water inh ib i -  

Also of s i g n i f i c a n c e  i s  t h e  development of atmospheric 

Heat t r a n s f e r  

.~ 

Q u a l i f i c a t i o n  tests are conducted t o  support  q u a l i f i c a t i o n  of production proto- 

type components o r  subassemblies of t h e  v e h i c l e  ECLS system. 

a n a l y s i s  of development tests , and a n a l y s i s  of s i m i l a r  q u a l i f i e d  hardware are used 

These tests, design 

i n d i v i d u a l l y  o r  i n  combination t o  support  t h e  con t r ac to r ' s  recommendations as t o  

q u a l i f i c a t i o n  s t a t u s  of hardware. 

q u a l i f i c a t i o n  i s  i n  Paragraph 4.0  of t h e  f i r s t  s e c t i o n  of t h i s  document. 

Details of t h e  MDAC approach t o  equipment 

ECLS funct ions (e.g. , cabin p re s su re  con t ro l ,  cabin a i r  mixture and contamina- 

t i o n  c o n t r o l ,  emergency oxygen p rov i s ions ,  and cabin and equipment thermal c o n t r o l )  

i n  t h e  f l i g h t  regimes o t h e r  t han  those  encountered i n  sub-o rb i t a l  f l i g h t  are ver- 

i f i e d  by c a b i n / a i r l o c k  s t r u c t u r a l  p re s su re / l eak  tests , closed loop subsystem bread- 

board tests and h o r i z o n t a l  f l i g h t  tests. Those system funct ions which r e q u i r e  

space s imulat ion" f o r  performance v e r i f i c a t i o n  are t e s t e d  i n  thermal vacuum f a c i l -  

I n  l i e u  of a s i n g l e  ECLS test u n i t  a breadboard test s e t u p  i s  made f o r  each 

11 

ities. 

of t h e  subsystems. These u n i t s  can be  assembled i n t o  an ECLS. 

85.4-6 



MDC €0308 
30 June 7971 

Space Shuttle Program - Phase B Final Report 
AM A C Q ~ I S I T ~ O  

PART 111-5 
TEST 

system test bed and used f o r  technology advancement t e s t i n g .  The subsystem bread- 

board test se tups  w i l l  c o n s i s t  of an assembly of product ion prototype hardware. 

Production type a i r  duc t s  are used i n  t h e s e  tests. P e r t i n e n t  subsystem i n t e r f a c e s  

are simulated.  

system i n t e r f a c e s  are considered f o r  both nominal and con t ro l l ed  off-nominal i npu t s .  

Funct ional  tests on these  subsystem breadboards eva lua te  leakage, l i n e  and 

duct  p re s su re  and v e l o c i t y ,  a c o u s t i c  levels , h e a t  t r a n s f e r  rates, c o n t r o l  response,  

subsystem/component f u n c t i o n a l  compa t ib i l i t y ,  service requirements and procedures,  

l i n e  proof and design l i m i t  p r e s su re  levels, and duc t  proof pressure.  

t i o n s  are conducted f o r  normal operat ion and f o r  i n p u t t e d  subsystem f a i l u r e  con- 

d i t i o n s ,  w i th  nominal and off-nominal i n t e r f a c e  condi t ions.  Major subsystem i n t e r -  

f aces  which are simulated on t h e s e  tests are: electrical  (power), hydrau l i c  (heat  

l oad ) ,  av ion ic  (hea t  loads,  d a t a  management and c o n t r o l  func t ions  v i a  tes t  sof tware 

and a commercial computer) and cryogenic and gas s u p p l i e s .  

. 

The environmental loads are mission-time v a r i e d ,  and s imulated sub- 

These evalua- 

Environmental c o n t r o l  and l i f e  support  systems i n t e g r a t i o n  v e r i f i c a t i o n  tests 

are conducted on t he  f i r s t  assembled f l i g h t  veh ic l e .  They inc lude  EMC tests, sys- 

t e m  response tests, f u n c t i o n a l  tests of t h e  a i r  d i s t r i b u t i o n  system t o  v e r i f y  adequate 

de l ive ry  t o  a l l  p a r t s  of t h e  system, sound level measurement i n  t h e  h a b i t a b l e  vehi- 

cle areas, eva lua t ion  of nominal and off-nominal system ope ra t ion  wi th  normal and 

programmed i n t e r f a c e  f a i l u r e s ,  eva lua t ion  of h e a t  t r a n s f e r  e f f i c i e n c y  , i n s t a l l e d  

duc t  proof p r e s s u r e  tests, and tests t o  eva lua te  complete system s e r v i c i n g  needs,  

adequacy of procedures,  and GSE. 

a l l  o the r  i n s t a l l e d  systems during operat ion.  

are any, are t o  be  minimized w i t h i n  t h e  limits of s a f e  f u n c t i o n a l  performance of t h e  

subsystems. 

Acoustic eva lua t ions  a l s o  inc lude  t h e  e f f e c t s  of 

Object ionable  n o i s e  levels, i f  t h e r e  

05.4-7 
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This ECLS ground development test approach is  poss ib l e  wi th  minimum r i s k  due 

t o  t h e  degraded performance r a t h e r  than c a t a s t r o p h i c ,  f a i l u r e  mode of the MDAC 

system design approach and t h e  comprehensive f l i g h t  test program which precedes the  

o p e r a t i o n a l  programs. 

Since t h e  f i r e  ex t ingu i sh ing  system b a s e l i n e  is  an off-the-shelf p o r t a b l e  C02 

ex t ingu i she r  , only equipment q u a l i f i c a t i o n  t o  s h u t t l e  environments and l o c a t i o n  se- 

l e c t i o n  reviews on t h e  one "g" design support  mockup are requ i r ed .  

Acceptance tests w i l l  be  s u c c e s s f u l l y  completed on each component (LRU) p r i o r  

t o  i n s t a l l a t i o n  i n  t h e  veh ic l e .  Details of t h e  component acceptance p l an  are pre- 

s en ted  i n  Paragraph 5.0 of t h e  f i r s t  s e c t i o n  of t h i s  document. As an i n t e g r a l  

p a r t  of t he  v e h i c l e  manufacturing build-up, i n t e r f a c e s  of ECLS components, l i n e s ,  

etc.  , w i l l  be  t e s t e d  t o  v e r i f y  proper i n s t a l l a t i o n .  

The equipment cool ing loop w i l l  be  l eak  checked, s e rv i ced  and checked ou t  as 

e a r l y  as p r a c t i c a b l e  i n  t h e  pos t  i n s t a l l a t i o n  phase i n  o rde r  t h a t  cool ing support  

can b e  given t o  t h e  onboard av ion ic  system. The o t h e r  ECLS subsystems w i l l  then be 

f u n c t i o n a l l y  t e s t e d  using onboard checkout and GSE as appl icable .  ECLS systems and 

t h e i r  i n t e r f a c e s  wi th  o t h e r  subsystems (da ta  management, e lec t r ica l  power, ACPS, 

d i s p l a y s  and c o n t r o l s )  w i l l  b e  t e s t e d  t o  v e r i f y  f u n c t i o n a l  and s e q u e n t i a l  ope ra t ion  

and redundancies during a f i n a l  combined subsystems test. 

Horizontal  f l i g h t  mode development and v e r i f i c a t i o n  tests w i l l  b e  conducted 

concurrent ly  with o t h e r  v e h i c l e  system test o b j e c t i v e s .  Temperatures , pres su res  , 

and flow rates are measured i n  key l o c a t i o n s  t o  v e r i f y  t h e  s a t i s f a c t o r y  operat ion 

of t h e  r e f r i g e r a t i o n  packages and adequate coo l ing ,  temperature c o n t r o l ,  and pres- 

s u r i z a t i o n  of t h e  crew compartment, av ion ic s  bays,  wheel w e l l s ,  etc.  Data i s  ob- 

t a ined  during landing,  t a k e o f f s ,  performance t e s t i n g ,  and f e r r y  f l i g h t s .  The 

subsystem redundancy switching c a p a b i l i t y  is  v e r i f i e d .  

defog c a p a b i l i t y  is v e r i f i e d  i n f l i g h t .  

Windshield r a i n  removal and 

The r a i n  removal t e s t i n g  is combined wi th  

65.4-8 
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and u t i l i z e s  t h e  water spray  tanker  a i r p l a n e  requi red  f o r  t h e  a i rbrea th ing-  

propuls ion an t i - i c ing  tests descr ibed  i n  Paragraph 

i c a t e d  f l i g h t  hours  has  been a l l o t t e d  f o r  r a i n  removal t e s t i n g  and ECLS development/ 

v e r i f i c a t i o n  t e s t i n g  which r e q u i r e s  s p e c i f i c  f l i g h t  condi t ions.  

5.2.3. A small number of ded- 

The v e r i f i c a t i o n  of  t h e  Booster ECLS subsystem i n  t h e  vertical f l i g h t  mode i s  

accomplished concurrent ly  wi th  o t h e r  veh ic l e  system test ob jec t ives .  

p ressures  and flow rates are measured i n  key l o c a t i o n s .  t o  v e r i f y  the  adequacy of 

a i r  flow, humidity con t ro l ,  temperature con t ro l ,  p ressure  l e v e l  and C02 l e v e l  i n  

t h e  crew compartment, av ionics  bays,  wheel w e l l s ,  equipment bays,  etc.,  dur ing  

ascent  and en t ry .  The f i n a l  ope ra t iona l  v e r i f i c a t i o n  of s a t i s f a c t o r y  performance 

of the  system i n  aerodynamic f l i g h t  a f t e r  exposure t o  e n t r y  hea t  loads  and p res su re  

condi t ions w i l l  be obtained during the  approach t o  landing. 

Temperatures, 

Throughout t h e  ECLS development and v e r i f i c a t i o n  test program, i d e n t i c a l  GSE 

is used a t  t h e  vendors,  MDAC, assembly and launch s i te .  This is done t o  a s su re  t h a t  

support  equipment requirements are f u l l y  assessed and t h a t  t h e  equipment which i s  

provided is necessary and compatible with t h e  subsystems and procedures which are 

developed. 

Figure 5.4-5 summarizes t h e  s i g n i f i c a n t  information on t h e  development and 

v e r i f i c a t i o n  test program. Figure 5.4-6 presen t s  t h e  base l ine  schedule of t h e s e  

development and v e r i f i c a t i o n  tests. 

55.4-9 
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5.4 .2  C r e w  Systems 

5.4.2.1 System Desc r ip t ion  - The Booster c r e w  systems c o n s i s t  of t hose  elements 

t h a t  make up t h e  crew-to-vehicle i n t e r f a c e  and t h e  escape system f o r  t h e  development 

f l i g h t  tes t  program. Conventional and s ta te-of- the-ar t  methods and materials are 

used i n  t h e  design and f a b r i c a t i o n  of t h e  c r e w  systems. There are t h r e e  major 

c a t e g o r i e s  of v e h i c l e  i n t e r f a c e  crew systems: (1) crew accommodations, 

( 2 )  inst rument  panel  c o n t r o l s  and d i s p l a y s ,  and ( 3 )  f l i g h t  c o n t r o l  equipment. 

The crew accommodations include: V i s i b i l i t y ,  seats ,  mob i l i t y  a i d s ,  r e s t r a i n t  

systems, i ng res s / eg res s  p rov i s ions ,  and h a b i t a b i l i t y  provis ions.  

Instrument panel  c o n t r o l s  and d i s p l a y s  are grouped on f i v e  panels :  The main 

pane l s ,  t h e  r i g h t  and l e f t  outboard consoles ,  t h e  c e n t e r  console and the overhead 

panel .  The arrangement p l aces  p i l o t  func t ions  on t h e  l e f t ,  engineer  and naviga- 

t i o n  func t ions  on t h e  r i g h t ,  and common func t ions  toward t h e  center .  

F l i g h t  c o n t r o l  equipment f o r  p i t c h  and r o l l  is  a two-axis s i d e  arm s t i c k  and 

f o r  yaw, i t  i s  rudder peda l s .  

A Yankee type escape system i s  being considered f o r  use i n  the development 

f l i g h t  test program. Addit ional  s t u d i e s  w i l l  be conducted t o  support  t h e  f i n a l  

s e l e c t i o n .  

5 . 4 . 2 . 2  T e s t  Requirements and J u s t i f i c a t i o n  - The c r e w  system test require- 

ments are. de l inea ted  i n  Figure 5.4-7 of t h i s  r e p o r t .  

v e r i f i c a t i o n  of t he  system's a b i l i t y  t o  m e e t  t he  performance as s p e c i f i e d  i n  t h e  

Vehicle C E I  Spec i f i ca t ion .  

They are d i r e c t e d  towards 

5.4.2.3 T e s t  Approach and Ra t iona le  - C r e w  accommodation s t u d i e s  and require-  

ment v e r i f i c a t i o n s  w i l l  be  accomplished using va r ious  f u l l  s i z e  mockups and simula- 

t o r s  (see Figure 5.4-8).  

tes t  e f f o r t s ,  t h e  mockups and s imula to r s  w i l l  be a v a i l a b l e  t o  NASA f o r  t r a i n i n g  

Upon completion of t h e  design support  and v e r i f i c a t i o n  

use. 

B5.4- 12 
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BOOSTER CREW SYSTEMS TEST BQUIREMENTS 

TEST REQUIREMENTS 

Demonstrate h a b i t a b i l i t y  and 
f u n c t i o n a l  a c c e p t a b i l i t y  of t h e  
man t o  machine i n t e r f a c e s  with 
r e s p e c t  t o  comfort, subsystem 
c o n t r o l  and d i sp lays ,  l i g h t i n g ,  
communications, and v i s i o n .  
Included s h a l l  be v e r i f i c a t i o n  
of t h e  a b i l i t y  of  t he  c r e w  
system t o  permit onboard and 
independent r ecogn i t ion  and 
c o r r e c t i o n  of c r i t i ca l  system 
malfunction. 

Demonstrate f u n c t i o n a l  accept- 
a b i l i t y  of normal and emergency 
eg res s  p rov i s ions  as a p p l i c a b l e  
t o  each mission phase from 
prelaunch through landing. 

Verify t h e  f u n c t i o n a l  accept- 
a b i l i t y  of t h e  emergency crew 
escape system a t  t h e i r  design 
l i m i t  condi t ions.  

Check s a t i s f a c t o r y  component and 
subsystem assembly, i n s t a l l a t i o n ,  
and f u n c t i o n a l  ope ra t ions  
a f t e r  manufacturing. 

Demonstrate s a t i s f a c t o r y  i n f l i g h t  
subsystem performance during a l l  
mission phases. 
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JUSTIFICATION 

Required p r i o r  t o  f l i g h t  t e s t i n g  
t o  a s s u r e  crew s a f e t y  and per- 
f ormance . 

Required p r i o r  t o  f l i g h t  test t o  
a s s u r e  c r e w  s a f e t y  and performance. 

Required p r i o r  t o  f l i g h t  test t o  
a s s u r e  c r e w  s a f e t y  and performance. 

Required t o  v e r i f y  t h a t  components 
and subsystems as manufactured and 
as i n s t a l l e d  i n  t h e  v e h i c l e  have 
been properly assembled and w i l l  
perform/function w i t h i n  design 
s p e c i f i c a t i o n s .  

Required f o r  f i n a l  v e r i f i c a t i o n  of 
subsystem performance. 

FIGURE 5.4-7 
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The c o n t r o l  and d i s p l a y  hardware w i l l  undergo normal ground development, and 

q u a l i f i c a t i o n  t o  S h u t t l e  environments un le s s  t h e  hardware is  off-the-shelf and/or 

p rev ious ly  q u a l i f i e d  t o  environments a t  lease equa l  t o  those  f o r  t h e  Shu t t l e .  The i r  

compa t ib i l i t y  w i t h  t h e  c r e w  and procedures w i l l  b e  v e r i f i e d  using f u l l  scale mockups 

and s imulators .  

Compatibi l i ty  and design of  t h e  vehicle f l i g h t  c o n t r o l s  w i l l  be  e s t a b l i s h e d  and 

v e r i f i e d  by f l i g h t  s imulat ions both i n  the f l i g h t  s imula to r  and on the ASTU/HCTU 

f l i g h t  c o n t r o l  system i n t e g r a t i o n  tests. 

phases from p r e f l i g h t  checkout and launch through landing and s a f i n g  of the veh ic l e .  

Procedures w i l l  a l s o  be  developed f o r  t h e s e  tests and they w i l l  be  v e r i f i e d  by usage 

during t h e  f l i g h t  test program. 

F l i g h t  cond i t ions  w i l l  cover a l l  mission 

Performance of t h e  escape system w i l l  be v e r i f i e d  by s t a t i c  f i r i n g s  and by s l e d  

tests. T e s t  cond i t ions  f o r  these tests w i l l  d u p l i c a t e  those  design l i m i t  cond i t ions  

which are t h e  most c r i t i c a l  f o r  t h e  i n s t a l l a t i o n .  

Proper i n s t a l l a t i o n  of t h e  system elements w i l l  b e  v e r i f i e d  by f a c t o r y  accept- 

ance tests and v e h i c l e  f l i g h t  r ead iness  w i l l  be  v e r i f i e d  by p r e f l i g h t  acceptance 

tests. 

Horizontal  and ver t ica l  f l i g h t  tests w i l l  v e r i f y  c r e w  systems concurrent ly  

w i t h  o t h e r  v e h i c l e  systems tests. The crew s t a t i o n ,  d i sp l ays ,  and c o n t r o l s  w i l l  be  

evaluated f o r  h a b i t a b i l i t y  and f u n c t i o n a l i t y  during a l l  mission f l i g h t  phases. 

Spec ia l  emphasis w i l l  b e  given t o  kinds and q u a n t i t i e s  of d i s p l a y s  and the a b i l i t y  

of t h e  crew t o  use  them during a s c e n t ,  e n t r y  and t r a n s i t i o n .  Acceptable ope ra t ion  

and t h e  accuracy and l e g i b i l i t y  of d i sp l ayed  information w i l l  be v e r i f i e d .  

Figure 5.4-9 p r e s e n t s  t h e  schedule f o r  t h e s e  activit ies.  

85.4- 15 
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5.5 Power Supply Group 

5.5.1 Electrical Power System 

5.5.1.1 System Descr ip t ion  - The boos ter  electrical power system inc ludes  

t h r e e  b a s i c  elements: generat ion,  condi t ioning and d i s t r i b u t i o n .  Four systems 

are provided t o  m e e t  t h e  requi red  f a i l  ope ra t iona l ,  f a i l  ope ra t iona l ,  f a i l  safe 

c a p a b i l i t y  (Reference Figures  5.5-1 and 5.5-2). 

Generation i s  provided by 120/208 v o l t ,  three-phase, 400 cycle  a l t e r n a t o r s  

r a t e d  a t  50 KVA continuous power. These a l t e r n a t o r s  are dr iven  by dua l  mode JP4- 

Hz/02 turbine-dr ive a u x i l i a r y  power u n i t s  (APU) . The a l t e r n a t o r  supp l i e s  t h e  AC 

power required by t h e  main propuls ion engines  as w e l l  as t h e  o t h e r  v e h i c l e  elec- 

t r i c a l  power requirements.  

Power d i s t r i b u t i o n  t o  t h e  using l i n e  rep laceable  u n i t s  (LRU'S) is by means 

of a redundant bus d i s t r i b u t i o n  system. Cross- t ie  c a p a b i l i t y  is  provided t o  par- 

a l l e l  d i s t r i b u t i o n  busses .  Power condi t ion ing  is  provided by t h e  t ransformer 

r e c t i f i e r  u n i t s  t o  produce DC power. 

5.5.1.2 T e s t  Requirements and J u s t i f i c a t i o n  - The e l e c t r i c a l  system test 

requirements are de l inea ted  i n  Figure 5.5-3. They are d i r e c t e d  towards v e r i f i c a -  

t i o n  of t h e  a b i l i t y  of t h e  system t o  m e e t  t h e  performance as s p e c i f i e d  i n  t h e  

veh ic l e  C E I  Spec i f i ca t ion .  

5.5.1.3 T e s t  Approach and Rat iona le  - The b a s e l i n e  approach (Figure 5.5-4) is  

t h a t  components, LUR's and minor subassemblies of t h e  system w i l l  be subcontracted.  

The subcont rac tors  w i l l  design,  develop, and q u a l i f y  and c e r t i f y  these  elements t o  

MDAC s p e c i f i c a t i o n s  using procedures approved by MDAC. Design information and com- 

ponent development tests w i l l  be used t o  porvide d a t a  f o r  design a n a l y s i s  and v e r i -  

f i c a t i o n  of t h e  design approach, and w i l l  inc lude  t e s t i n g  f o r  materials eva lua t ion  

and compa t ib i l i t y ,  tests on f a b r i c a t i o n  techniques,  f u n c t i o n a l  tests on engineer ing 

pro to types ,  and s p e c i a l  environmental tests. 

e a r l y  i n  Phase C and cont inue i n t o  Phase D.  

T e s t  a c t i v i t i e s  w i l l  be i n i t i a t e d  

Qua l i f i ca t ion  by test or  assessment 

B5.5-1 
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BOOSTER 

ELECTRICAL SYSTEM TEST REQUIREMENTS 

Q u a l i f y  equipment t o  environments 
a p p l i c a b l e  t o  s p e c i f i c  Space S h u t t l e  
usage. 

Verify t h e  f u n c t i o n a l  des ign  and 
performance of t h e  electrical power 
system throughout normal and 
abnormal ope ra t ing  range. 

Demonstrate subsystem 
f a i l u r e  to l e rance .  

Verify subsystem EMC. 

Verify f u n c t i o n a l  compa t ib i l i t y  of 
t h e  e lectr ical  power system w i t h  
t h e  crew and o the r  i n t e r f a c i n g  
v e h i c l e  and GSE subsystems. 

Perform acceptance tests on t h e  
i n s t a l l e d  subsystem components. 

Acceptance test  t h e  e lec t r ica l  
power systems i n t e r f a c e s .  

Verify a b i l i t y  t o  t r a n s f e r  from 
e x t e r n a l  t o  i n t e r n a l  power. 

Demonstrate s a t i s f a c t o r y  in- 
f l i g h t  subsystem performance 
during a l l  mission phases. 

PART 1 / 1 4  
TEST 

J u s t i f i c a t i o n  

Required t o  v e r i f y  environmenta 
compa t ib i l i t y  of t h e  i t e m  o r  t o  
support  design q u a l i f i c a t i o n  
a n a l y s i s ,  and t o  a s su re  c r e w  
s a f e t y  and mission success.  

Required t o  a s s u r e  design com- 
p l e t eness  and performance p r i o r  
t o  f l i g h t  usage. Also minimize 
p o t e n t i a l  r i s k  and a s soc ia t ed  
c o s t s  of changes l a t e  i n  t h e  
development program; and, 
enhances crew s a f e t y  and prob- 
a b i l i t y  of mission success dur- 
ing t h e  f l i g h t  test program. 

These tests are required t o  
demonstrate proper ope ra t ion  of 
t he  i n s t a l l e d  components of t h e  
system and a s soc ia t ed  mechanica 
d r i v e s ,  generator  output  and 
con t ro l .  1 

Required f o r  f i n a l  v e r i f i c a t i o n  
of subsystem performance. 

FIGURE 5.5-3 
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w i l l  be  conducted on a l l  equipment o t h e r  than t h a t  which has a l r eady  been q u a l i f i e d  

t o  environmenta and performance requirements equal  t o  o r  g r e a t e r  than those  of t h e  

Space S h u t t l e .  

Paragraph 4 .  of Sec t ion  A of t h i s  document. 

Addit ional  information on MDAC's approach t o  q u a l i f i c a t i o n  is i n  

Subsystem development and i n t e g r a t i o n  t e s t i n g  w i l l  b e  accomplished as a s tep-  

by-step i n t e g r a t i o n  of a s i n g l e ,  nonredundant set of t he  e lectr ical  system equip- 

ment i n t o  a n  electrical power d i s t r i b u t i o n  test u n i t .  Th i s  u n i t  w i l l  include: 

remote power c o n t r o l l e r s ,  power d i s t r i b u t i o n  u n i t ,  a p p l i c a b l e  c o n t r o l s  and d i s p l a y s ,  

simulated loads  and a hardwire s imulat ion of t h e  av ion ic s  d a t a  management system 

t o  f ac i l i t a t e  closed loop t e s t i n g .  Test ing w i l l  include:  ope ra t ion ,  c o n t r o l ,  

monitor and d i sp lay  eva lua t ion ,  simulated f a u l t  ( o r  malfunction) and recovery,  

c r o s s - t i e  switching,  and power q u a l i t y  and r e g u l a t i o n  tests. Information from 

t h e s e  power d i s t r i b u t i o n  system tests w i l l  a l s o  r e so lve  any EM1 problems. 

Other subsystem tests which r e q u i r e  e lec t r ica l  power w i l l  b e  supported by 

l abora to ry  power sources  and a s imula t ion  of the v e h i c l e  e lectr ical  d i s t r i b u t i o n  

system. The electr ical  i n t e r f a c e s  w i l l  i nc lude  a c t u a l  hardware (connectors,  etc.)  

as p r a c t i c a l .  

power d i s t r i b u t i o n  system test u n i t  f o r  e l e c t r i c a l l s u b s y s t e m  i n t e r f a c e  i n t e g r a t i o n  

tests. 

The s imulated d i s t r i b u t i o n  system w i l l  be  replaced by t h e  electrical  

I n  a d d i t i o n  t o  t h e  d i s t r i b u t i o n  system tests, t h e  AC generator  w i l l  b e  tested 

t o  v e r i f y  i t s  i n t e r f a c e s .  

l i c  system t o  determine power gene ra t ion  q u a l i t y  a t  nominal and off-nominal oper- 

The gene ra to r  w i l l  be  t e s t e d  wi th  t h e  APU and t h e  hydrau- 

a t i n g  condi t ions.  

I n t e g r a t i o n  of t h e  electrical  system and av ion ic s  w i l l  b e  accomplished on an 

Avionics System T e s t  Unit  (ASTU). Build-up of t h i s  u n i t  w i l l  n e c e s s a r i l y  s ta r t  

wi th  t h e  d a t a  management subsystem and t h e  complete e lec t r ica l  power d i s t r i b u t i o n  

85.5-6 
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system. E l e c t r i c a l  power w i l l  be  suppl ied  by labora tory  sources .  A s  t h e  ASTU 

build-up continues through t h e  a d d i t i o n  of t h e  av ion ic  subsystems, electrical 

system i n t e r f a c e s  w i l l  be  v e r i f i e d .  

used t o  conduct closed-loop s imulated missions f o r  a l l  phases from p r e f l i g h t  check- 

out  and launch through landing and v e h i c l e  s a f ing .  

T e s t  sof tware and computer con t ro l  w i l l  b e  

Test ing a t  normal and abnormal 

condi t ions  w i l l  v e r i f y  redundancy management, f a i l u r e  to l e rance ,  power d i s t r i b u t i o n ,  

power t r a n s f e r ,  c o n t r o l  and d i sp lay  func t ions ,  on-board checkout c a p a b i l i t y ,  and 

i s o l a t i o n  of f a i l u r e s  t o  the  LRU level. During ASTU t e s t i n g  any EM1 problems 

encountered w i l l  be  resolved.  

I n t e g r a t i o n  of t h e  electrical system and t h e  hydraul ic  system w i l l  be accom- 

p l i shed  on the  Hydraulics and Control T e s t  Unit (HCTU). E l e c t r i c a l  power and d i s -  

t r i b u t i o n  on t h e  HCTU w i l l  be  provided by conditioned labora tory  power sources  and 

simulated d i s t r i b u t i o n  system. 

mission phases a t  normal and abnormal condi t ions  t o  v e r i f y  compat ib i l i ty  of t he  

hydraul ics  and t h e  e l e c t r i c a l  system i n t e r f a c e  requirements.  

Tests on t h e  HCTU w i l l  inc lude  s imulat ions of a l l  

The veh ic l e  i n s t a l l e d  electrical power and d i s t r i b u t i o n  system w i l l  be ve r i -  

f i e d  f o r  s p e c i f i c a t i o n  conformance on t h e  f i r s t  f l i g h t  veh ic l e  concurrent with 

o the r  subsystem tests. The e l e c t r i c a l  system tests w i l l  v e r i f y :  power t o  t h e  

main busses ,  bus t i e  connections,  system c o n t r o l s  and d i sp lays  are func t ioning  

proper ly ,  and t h a t  system opera t ion  is  compatible with v e r i f i e d  f l i g h t  and check- 

out  sof tware and procedures. 

During t h e  manufacturing assembly phase and p r i o r  t o  each boos te r ' s  hori-  

zon ta l  f l i g h t ,  acceptance tests w i l l  be performed to v a l i d a t e  t h e  electrical power 

sys  t e m s  . 
P r i o r  t o  t h e  f i r s t  a p p l i c a t i o n  of ground power, t h e  electrical power d i s t r i -  

bu t ion  system i s  v e r i f i e d  from each genera t ion  source t o  each load using GSE and 

test equipment. The Data Management System (DMS) c o n t r o l  and monitoring func t ions  

85.5-7 
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are v e r i f i e d .  A l t e rna to r  subsystems are checked o u t  u t i l i z i n g  a means of spinning 

t h e  APU gear  box. 

f u n c t i o n a l  checks w i l l  b e  performed. 

The electrical  i n t e r f a c e s  w i l l  b e  v a l i d a t e d  using GSE, and 

A s  an i n t e g r a l  p a r t  of t h e  pre-horizontal  f l i g h t  p repa ra t ions ,  t h e  e lectr ical  

power gene ra t ion  and d i s t r i b u t i o n  systems w i l l  b e  checked ou t  w i th  APU's opera t ing  

both on JP-4 and on hydrogen and oxygen. 

The h o r i z o n t a l  f l i g h t  development and v e r i f i c a t i o n  t e s t i n g  of t h e  boos te r  

e lectr ical  power subsystem w i l l  p r imar i ly  c o n s i s t  of a f u n c t i o n a l  ope ra t iona l  

v e r i f i c a t i o n ,  concurrent  w i th  o t h e r  test o b j e c t i v e s .  Subsystem ope ra t ion  w i l l  be  

monitored throughout t h e  f l i g h t  test program. The c a p a b i l i t y  of switching redun- 

dant i t e m s  w i l l  be  v e r i f i e d .  A minimum a l lo tmen t  of dedicated h o r i z o n t a l  f l i g h t  

t i m e  is provided f o r  t he  at ta inment  of f l i g h t  development environmental condi t ions.  

The boos te r  e lectr ical  power subsystem ver t ical  f l i g h t , t e s t  v e r i f i c a t i o n  w i l l  

be done concurrent ly  wi th  o t h e r  f l i g h t  o b j e c t i v e s .  

monitored from ascen t  through e n t r y ,  and landing. S p e c i f i c  a t t e n t i o n  w i l l  b e  

given t o  power gene ra t ion ,  power d i s t r i b u t i o n ,  and the  a b i l i t y  of t he  system t o  

meet power demands. 

Subsystem ope ra t ion  w i l l  b e  

Throughout t h e  electrical  system development and v e r i f i c a t i o n  test program, 

i d e n t i c a l  GSE w i l l  b e  used as a p p l i c a b l e  a t  t h e  vendors, MDAC, assembly and launch 

s i te .  This w i l l  be  done t o  a s s u r e  t h a t  support  equipment requirements are f u l l y  

accessed and t h a t  t he  GSE i s  compatible w i t h  the  subsystems and procedures which 

are developed. 

F igu re  5.5-5 summarizes t h e  s i g d ' f i c a n t  information on t h e  development and 

v e r i f i c a t i o n  test program. 

a p p l i c a b l e  test requirement which t h e  test  w i l l  p a r t i a l l y  o r  wholly f u l f i l l ,  l i s t  

of test o b j e c t i v e s ,  i n d i c a t i o n  of t h e  tests a p p l i c a b i l i t y ,  t h e  est imated q u a n t i t y  

and type of hardware which w i l l  be used t o  m e e t  t h e  test requirements,  and a 

L i s t e d  f o r  each test category are: r e fe rence  of t h e  

05.5-8 
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summary of t h e  f a c i l i t i e s  and test se tup  requirements. 

base l ine  schedule of these  development and v e r i f i c a t i o n  tests. 

Figure 5.5-6 presents  t h e  

B 5.5- 1 0 
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5.5.2 Hydraulic Sys t e m  

5.5.2.1 System Descript ion - The b a s e l i n e  is  four completely independent 

h y d r a u l i c  s y s  t e m s  t o  provide " f a i l  o p e r a t i o n a l - f a i l  safe"  ope ra t ion  of t he  subsys- 

tems: power supply,  f l i g h t  c o n t r o l ,  landing gear deployment, ABES i n l e t  door 

opening, ant i -skid brakes , nose gear  s t e e r i n g ,  and t h r u s t  v e c t o r  c o n t r o l  (TVC) . 
Conventional type hardware is  u t i l i z e d  , opera t ing  a t  a p res su re  of 3,000 ps ig .  

Prime power is  suppl ied by v a r i a b l e  displacement i n - l i n e  pumps d r iven  by H 2 / 0 2  o r  

JP-4/combustor/turbine d r i v e  a u x i l i a r y  power u n i t s  ( M U ' S ) .  D i s t r i b u t i o n  is by 

p r e s s u r e  and r e t u r n  tubing which has  bo th  permanent and reconnectable  f i t t i n g s .  

F l i g h t  c o n t r o l  a c t u a t o r s  are s i n g l e  o r  tandem, and u t i l i z e  secondary c o n t r o l  ele- 

ments (one pe r  f l i g h t  c o n t r o l  s u r f a c e )  f o r  i n t e r f a c e  with t h e  f l i g h t  c o n t r o l  

av ion ic s ,  and l o g i c  switching valves  a t  elevon and TVC a c t u a t o r s  f o r  f l u i d  direc-  

t i o n  a f t e r  system f a i l u r e s .  

hydrau l i c  system. 

5.5.2.2 

Figure 5.5-7 is a s i m p l i f i e d  block diagram of the 

- Test Requirements and J u s t i f i c a t i o n  - The h y d r a u l i c  system test re- 

quirements are de l inea ted  i n  Figure 5.5-8. They are d i r e c t e d  towards v e r i f i c a t i o n  

of t h e  system des ign ' s  a b i l i t y  t o  m e e t  t he  performance as s p e c i f i e d  i n  t h e  booster  

C E I  Spec i f i ca t ion .  

5.5.2.3 T e s t  Approach and Rat ionale  - Figure 5.5-9 p r e s e n t s  a flow block dia- 

gram of t h e  b a s e l i n e  approach t o  development and v e r i f i c a t i o n  t e s t i n g  f o r  t h e  

Hydraulic system. 

Design and information t e s t i n g  w i l l  be conducted as required t o  provide d a t a  

f o r  design a n a l y s i s  and t o  v e r i f y  design approaches. These tests w i l l  i nc lude  

material property eva lua t ion ,  material compa t ib i l i t y  tests , eva lua t ions  of f a b r i -  

c a t i o n  techniques,  and f u n c t i o n a l  tests on engineer ing model components e Also as 

an a i d  t o  des ign ,  p l a s t i c  models w i l l  be  f a b r i c a t e d  t o  e v a l u a t e  design prohlem 

areas. 
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HYDRAULIC SYSTEM TEST REQUIREMENTS 

T e s t  Requirements 

Qual i fy  equipment t o  environment 
app li cab l e  t o  s p e  c i  f i c space 
s h u t t l e  usage. 

Demonstrate subsys t e m  performance 
f o r  t h e  spectrum of mission con- 
d i t i o n s ,  i nc lud ing  ope ra t ion  a t  
nominal and off-nominal condi t ions.  

Verify f u n c t i o n a l  compa t ib i l i t y  
of t h e  h y d r a u l i c  subsystem wi th  
t h e  crew and o t h e r  (veh ic l e  and 
GSE) i n t e r f a c i n g  subsystems . 

Verify crew c o n t r o l  c a p a b i l i t y  
inc lud ing  ove r r ide  / i n  terr up t capa- 
b i l i t y  of t he  automated f l i g h t  
c o n t r o l  funct ions.  

Tests are requ i r ed  a f t e r  component 
manufacture, and i n s t a l l a t i o n  of 
h y d r a u l i c  components /systems i n t o  
t h e  veh ic l e .  

Demonstrate s a t i s f a c t o r y  i n f l i g h t  
subsystem performance during a l l  
mission phases. 

PART 111-5 
TEST 

J u s t i f i c a t i o n  

Required t o  v e r i f y  environmental com- 
p a t i b i l i t y  of t h e  i t e m ,  o r  t o  support  
design q u a l i f i c a t i o n  a n a l y s i s  , and 
a s su re  crew s a f e t y  and mission success ,  
This approach w i l l  be  more cost-  
e f f e c t i v e  than i f  broad, general  envi- 
ronmental requirements were used, 
thereby causing some items t o  be  over- 
o r  under-qualified.  

Required f o r  e a r l y  development and 
v e r i f i c a t i o n  of subsystem design , 
thereby reducing t h e  p o t e n t i a l  r i s k s  
of c o s t l y  design changes a t  a la ter  
t i m e  . 
Required t o  v e r i f y  system design com- 
p a t i b i l i t y  and a s s u r e  s p e c i f i e d  per- 
formance, and crew s a f e t y .  This w i l l  
be required p r i o r  t o  a v a i l a b i l i t y  of 
a f l i g h t  a r t i c l e ,  t o  minimize t h e  
p o t e n t i a l  r i s k  of c o s t l y  design 
changes la te r  i n  t h e  program. 

Required t o  a s s u r e  design s a f e t y  and 
thus enhance crew s a f e t y  and proba- 
b i l i t y  of mission success .  

Required t o  check func t iona l  operat ion 
redundancies, leakage i n t e g r i t y  and 
i n t e r f a c e s  with o t h e r  subsystems. " h i 5  

i s  t o  v e r i f y  proper  assembly and manu- 
f a c t u r i n g  i n s t a l l a t i o n s .  

Required f o r  f i n a l  v e r i f i c a t i o n  of 
subsys t e m  performance . 

FIGURE 5.5-8 
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Component q u a l i f i c a t i o n  tests w i l l  be  conducted as required t o  support  

q u a l i f i c a t i o n  of product ion components o r  subassemblies of t h e  v e h i c l e  hydrau l i c  

system. 

procedures These tests, design a n a l y s i s  of development tests, and a n a l y s i s  of 

similar q u a l i f i e d  hardware w i l l  b e  used, i n d i v i d u a l l y  o r  i n  combination, t o  support  

t he  c o n t r a c t o r ' s  recommendations as t o  the  q u a l i f i c a t i o n  s t a t u s  of hardware. 

tai ls  of t h e  MDAC approach t o  equipment q u a l i f i c a t i o n  are i n  Paragraph 4.0 of sec- 

t i o n  A of t h i s  document. 

Vendors w i l l  conduct t hese  tests t o  MDAC s p e c i f i c a t i o n  us ing  MDAC approved 

De- 

Subsystem development and i n t e g r a t i o n  t e s t i n g  w i l l  b e  conducted as one s t e p  

i n  complete v e r i f i c a t i o n  of subsystem design and performance. 

f u l f i l l m e n t  of t h i s  requirement w i l l  n o t  come u n t i l  i n t e g r a t i o n  i s  v e r i f i e d  on t h e  

Complete ground test 

i n s t a l l e d  subsystems i n  the  f i r s t  f l i g h t  a r t i c l e .  Some of t h e s e  subsystem tests 

w i l l  be  conducted on a Hydraulic and Controls T e s t  Unit (HCTU) and o the r s  w i l l  be 

conducted on s m a l l  dedicated s e t u p s ,  such as computerized tests of  t h e  a n t i s k i d  

brake subsystem on a bench breadboard s e t u p  and t h e  landing gear  deployment se- 

quencing and f u n c t i o n a l  tests which w i l l  be conducted s e p a r a t e  from t h e  HCTU. 

These tests w i l l  i nc lude  f u n c t i o n a l  operat ions a t  nominal and off-nominal mission 

condi t ions.  

w i l l  be  made as r equ i r ed  t o  ob ta in  performance t h a t  meets the  design requirements. 

Test ing w i l l  a l s o  e v a l u a t e  the  subsystem s e r v i c i n g  needs and approaches. P r i o r  t o  

these  tests, the subsystem w i l l  have been sub jec t ed  t o  proof p re s su re  and l e a k  

checks. 

During t h e s e  tests, subsystem performance w i l l  be  evaluated and changes 

The HCTU (Figures  5.5-10 and 5.5-11) se tup  w i l l  c o n s i s t  of  t h e  e n t i r e  

hydrau l i c  system mounted on a s t r u c t u r a l  framework which s imula t e s  v e h i c l e  s p a t i a l  

p o s i t i o n s .  The l o c a t i o n s  of t h e  components, l i n e  l e n g t h s ,  and bends of t h e  plumb- 

i n g  w i l l  d u p l i c a t e  the  a c t u a l  i n s t a l l a t i o n  as n e a r l y  as p r a c t i c a l .  

a c t u a t o r s  w i l l  be  i n s t a l l e d ,  bu t  t h e  ac tua t ed  hardware w i l l  b e  simulated 

Production 

85-5-16 
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BOOSTER HYDRAULICS AND CONTROLS TEST UNIT (HCTU) DESCRIPTION 

EQUIPMENT 

L. COMPLETE SHIP SET OF 
HYDRAULICS EQUIPMENT 
o LANDING GEAR & DOOR 

o NOSE GEAR STEERING 
o J E T  FLAP ACTUATION 

o FLIGHT CONTROLS 
o THRUST VECTOR CONTROI 

ACTUATION 

o ANTI-SKID BRAKES 

2 .  REQUIRED FCS & HYDRAU- 
L I C  CREW STATION CON- 
TROLS & DISPLAYS 

3 .  SET OF HYDRAULIC/ 
ELECTRIC INTERFACE 
EQUIPMENT 

$. DEVELOPMENT FLIGHT 
TEST INSTRUMENTATION 

SIMULATORS 

1. HARDWARE 
o GEAR STRUTS 

& WHEELS 
o ONE SHIP SET OF 

CONTROL SURFACES 
o ELECTRICAL POWER 
o MINIMUM CREW 

STATION MOCK UP 
o LOAD DEVICES FOR 

CONTROL SURFACES 
o MASTER TEST CON- 

DUCTOR CONSOLE 
o APU (DRIVE ACTUAL 

o DATA BUS 
o MAIN ENGINES (MASS 

ONLY ) 
o FLUID COOLING 

PUMPS) 

2. SOFTWARE 
o DATA MANAGEMENT 
o LOAD PROGRAMS 
o FCS PROGRAMS 

PART /i/-5 
TEST 

GSE - 
1. 

2. 

3 .  

HYDRAULIC SYSTEM CHECK- 
OUT ADAPTER UNIT 

HYDRAULIC GROUND UNIT 

HYDRAULIC SERVICE 
AND FLUSH UNIT 

FlGU RE 5.5- 11 
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(e.g. , landing gear  s t r u t s  and speed brakes) .  

tests on t h e  i n d i v i d u a l  subsystems, t he  HCTU w i l l  have valves t o  s e p a r a t e  and s h u t  

o f f  t h e  var ious subsystems and a commercial computer and test  sof tware t o  provide 

the  avionics  d a t a  management and c o n t r o l  funct ions.  

pumps and t h e  electrical  power supply w i l l  b e  simulated.  

necessary c o n t r o l  and d i sp lay  funct ions w i l l  b e  provided t o  permit p i l o t  i npu t s  and 

evaluat ions.  

To fac i l i t a te  closed loop f u n c t i o n a l  

The APU power t o  t h e  h y d r a u l i c  

A crew s t a t i o n  wi th  

The HCTU w i l l  have means of a r t i f i c i a l l y  load ing  c o n t r o l  s u r f a c e s  and a scen t  

engines t o  s imula t e  f l i g h t  loads.  The tests on t h e  HCTU w i l l  eva lua te  t h e  e n t i r e  

veh ic l e  hydrau l i c  system f o r  unusual p re s su re  p u l s a t i o n s ,  back p r e s s u r e s ,  s u r g e s ,  

and temperatures during s imulated mission p r o f i l e s  cave r ing  prelaunch t o  landing, 

and w i l l  be  used t o  check t h e  func t ion ing  of a l l  h y d r a u l i c a l l y  operated c o n t r o l s  

and systems. 

vers w i l l  b e  v e r i f i e d .  

s t r a t e d .  

such as l o s s  of one o r  two h y d r a u l i c  systems. During these  tests, performance re- 

quirements such as rates and travels must be  m e t .  Excessive i n t e r a c t i o n  between 

systems, i n s t a b i l i t y ,  o r  o p e r a t i o n a l  malfunctions w i l l  b e  e l iminated by design 

modif icat ions as necessary.  

Rated p r e s s u r e  and flow during a l l  phases of c r i t i ca l  mission maneu- 

Maximum flow c a p a b i l i t i e s  of t h e  systems w i l l  be demon- 

Tests w i l l  b e  conducted t o  eva lua te  system performance during malfunctions 

Af t e r  t h e  h y d r a u l i c  system tests on t h e  HCTU, t h e  Avionics f l i g h t  c o n t r o l  sys- 

t e m  p o r t i o n s  of t he  Avionics Systems Test Unit (ASTU) w i l l  b e  patched i n  t o  t h e  

HCTU f o r  real t i m e  closed-loop o r  end-to-end t e s t i n g  of t he  t o t a l  f l i g h t  c o n t r o l  

system. The compa t ib i l i t y  of t h e  subsystem i n t e r f a c e s  and t h e  mission and checkout 

sof tware design approach w i l l  b e  v e r i f i e d .  Tests w i l l  v e r i f y  ope ra t ion  of t h e  

complete f l i g h t  c o n t r o l  system under a c r o s s  s e c t i o n  of r e p r e s e n t a t i v e  and extreme 

mission condi t ions.  Q u a l i t a t i v e  and q u a n t i t a t i v e  p i l o t  eva lua t ions  of t h e  c o n t r o l  

system w i l l  b e  performed. The tests w i l l  be  designed t o  supplement information 

85.5- 19 
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gained during t h e  s imula to r  f l i g h t  c o n t r o l s  s t u d i e s  and t o  o b t a i n  p i l o t  acceptance 

through design i t e r a t i o n  of t h e  hardware and sof tware systems. 

and f e e l  s h a l l  a l s o  m e e t  wi th  p i l o t  approval. 

System ope ra t ion  

These FCS i n t e g r a t i o n  tests and design l i m i t  p r e s su re  tests w i l l  be  completed 

p r i o r  t o  f i r s t  f l i g h t .  A l l  f u n c t i o n a l  cyc le s  of t h e  components on the  HCTU w i l l  be  

recorded and used f o r  l i f e  cyc le  h i s t o r y .  

I n s t a l l e d  hydrau l i c  system i n t e g r a t i o n  v e r i f i c a t i o n  tests w i l l  be conducted on 

These tests w i l l  i nc lude  a r epea t  of s e l e c t e d  i n t e g r a t i o n  the f i r s t  f l i g h t  veh ic l e .  

tests. Also, f u n c t i o n a l ,  and l e a k  tests of t h e  hydrau l i c  system w i l l  b e  performed. 

These and o t h e r  complete v e h i c l e  tests are d i scussed  f u r t h e r  i n  Paragraph 7.2. 

Acceptance tests w i l l  be  s u c c e s s f u l l y  completed on each component (LRU) p r i o r  

Details of t h e  component acceptance plan are pre- t o  i n s t a l l a t i o n  i n  t h e  veh ic l e .  

s en ted  i n  Paragraph 5.0 of  t he  f i r s t  s e c t i o n  of t h i s  document. 

A s  an i n t e g r a l  p a r t  of f i n a l  manufacturing i n s t a l l a t i o n  and checkout opera- 

t i o n s ,  t h e  h y d r a u l i c  subsystems w i l l  be l e a k  checked and se rv iced  s o  t h a t  t h e  

hydrau l i c  systems can provide support  f o r  f i n a l  manufacturing i n s t a l l a t i o n s / f i t  

checks. 

cal  power, APU, ECLS, and f l i g h t  c o n t r o l  w i l l  be v e r i f i e d ,  as w i l l  f unc t iona l  opera- 

t i o n  and redundancies, 

I n t e r f a c e s  of t h e  h y d r a u l i c  systems Data Management System (DMS), electri- 

F i n a l  h y d r a u l i c  systems ground acceptance w i l l  occur a f t e r  a s u c c e s s f u l  pre- 

horizontal-f  l i g h t  checkout where the  A P U ' s  , h y d r a u l i c s ,  and o t h e r  subsystems are 

checked o u t  under normal ope ra t ing  cond i t ions .  

Hor i zon ta l  and ver t ica l  f l i g h t  tests of t h e  hydrau l i c  system w i l l  p r imar i ly  

c o n s i s t  of a func t iona l  performance v e r i f i c a t i o n  concurrent w i th  o t h e r  v e h i c l e  sys- 

t e m  test ob jec t ives .  System p res su res  w i l l  be  measured a t  key l o c a t i o n s  during 

va r ious  o p e r a t i o n a l  condi t ions.  

i t o r e d .  

Steady s ta te  and t r a n s i e n t  ope ra t ion  w i l l  b e  mon- 

System response and a b i l i t y  t o  meet demand w i l l  b e  v e r i f i e d  as w i l l  
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accumulator, r e s e r v o i r  and pump operat ion.  F l igh t  d a t a  w i l l  be  compared t o  pre- 

launch p r e d i c t i o n s  and test d a t a  from t h e  subsystem and system tests on the  HCTU 

and t h e  i n s t a l l e d  system i n t e g r a t i o n  v e r i f i c a t i o n  tests. A minimum al lotment  of 

dedicated f l i g h t  t i m e  w i l l  be  provided t o  cover s p e c i f i c  f l i g h t  development con- 

d i t  ions.  

Throughout t h e  hydrau l i c  system development and v e r i f i c a t i o n  test program, 

i d e n t i c a l  GSE w i l l  b e  used as a p p l i c a b l e  a t  t h e  vendors,  MDAC, assembly and launch 

site. This w i l l  b e  done t o  a s s u r e  t h a t  support  equipment requirements are f u l l y  

assessed and t h a t  t h e  equipment which i s  provided is  necessary and compatible with 

the  subsystems and procedures which are developed. 

Figure 5.5-12 summarizes t h e  s i g n i f i c a n t  information on t h e  development 

and v e r i f i c a t i o n  test  program. 

the  app l i cab le  test requirements which t h e  test  w i l l  p a r t i a l l y  o r  wholly f u l f i l l ,  

l ist  of test  o b j e c t i v e s ,  i n d i c a t i o n  of t h e  tests a p p l i c a b i l i t y ,  t h e  e s t ima ted  

quan t i ty  and type hardware which w i l l  be  used t o  meet t h e  test requirements,  and 

a summary of t h e  f a c i l i t i e s  and test se tup  requirements.  Figure 5.5-13 p r e s e n t s  

t he  b a s e l i n e  schedule of t h e s e  development and v e r i f i c a t i o n  tests. 

L i s t ed  f o r  each test category are: r e fe rence  of 

B5.5-21 
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5.6 Ground Support Equipment Tests 

5.6.1 Descr ipt ion of GSE and Usage - The GSE required t o  support  ground and 

f l i g h t  t e s t i n g  of t h e  Booster w i l l  be  ope ra t iona l  GSE t o  t h e  maximum e x t e n t  poss ib l e .  

GSE which cannot be  designed a c c e l e r a t e d  t o  meet t h e  test schedule w i l l  be  i d e n t i f i e d  

and s u i t a b l e  prototype o r  s p e c i a l  equipment w i l l  be  used. A t  conclusion of  test 

usage, t he  prototype u n i t s  w i l l  be updated t o  t h e  production o r  ope ra t iona l  

configurat ion.  

The major tests t h a t  r e q u i r e  GSE support  are: 

Hydraulic and Controls T e s t  Unit (HCTU) (Reference Paragraphs 5.5.2 and 6 . 3 )  

Avionics System T e s t  Unit (ASTU) (Reference Paragraphs 6.1 and 6.2) 

Main Propuls ion System I n t e g r a t i o n  T e s t  Program (Reference Paragraphs 

5 . 2 . 1  and 6.4) 

ACPS and APU I n t e g r a t i o n  Tests (Reference Paragraphs 5.2.2 and 5.2.4) 

Environmental Control and L i f e  Support System I n t e g r a t i o n  Tests (Reference 

Paragraph 5.4.1) 

Major s t r u c t u r a l  a r t i c l e  v e r i f i c a t i o n  tests (Reference Paragraph 5.1.7) 

Vehicle tests (Reference Paragraph 7.0) 

list of GSE and f a c i l i t y  support  requirements f o r  f l u i d s ,  power and handl ing 

are i d e n t i f i e d  i n  Report MDC E0388, "Ground Support Equipment". 

5.6.2 GSE T e s t  Requirements and Approaches - T e s t  requirements t o  assist i n  

a s s u r i n g  t h a t  t h e  GSE meets t h e  v e h i c l e  design i n t e r f a c e  and performance spec i f i ca -  

t i o n  requirements,  as w e l l  as the  f a c i l i t i e s  design and performance s p e c i f i c a t i o n  

requirements, are l i s t e d  i n  Figure 5.6-1. It i s  a n t i c i p a t e d  t h a t  approximately 

70% of t h e  new propuls ion GSE components w i l l  r e q u i r e  development t e s t i n g .  It 

is  a l s o  a n t i c i p a t e d  t h a t  t h e  l o g i c  o r  a r i t h m e t i c  modules of t h e  Monitor, Display 
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and Control (MDAC) Unit w i l l  r e q u i r e  development t e s t i n g  along wi th  v e r i f i c a t i o n  of 

t h e  ground software.  

V e r i f i c a t i o n  of GSE w i l l  be  accomplished by use i n  support  of i n t e r f a c i n g  

tests of v e h i c l e  systems. 

p rogres s ive ly  v e r i f y  i n d i v i d u a l  func t ions  of t h e  t o t a l  GSE envelopes. Therefore,  

f i n a l  v e r i f i c a t i o n  would b e  accompanied by a summation a n a l y s i s  which would show 

t h a t  t h e  ground support  equipment v e r i f i c a t i o n  requirements have been m e t  a f t e r  

f u l l  exposure t o  support  of t h e  t o t a l  i n t e r f a c e  requirement t e s t i n g .  Whenever GSE 

a v a i l a b i l i t y  and equipment requirements f o r  tests are n o t  compatible f o r  support  

of scheduled development and v e r i f i c a t i o n  tests, a s p e c i a l  demonstration w i l l  be  

arranged, un le s s  t h e s e  i t e m s  can b e  v e r i f i e d  by non tes t  methods. 

Such t e s t i n g  w i l l  b e  an i terative process  and w i l l  

GSE i s  categorized i n t o  t h e  following groups f o r  test  i d e n t i f i c a t i o n .  

Simulators - These i t e m s  p r o v i d e ' f i t  and func t ion  s imulat ions t o  t h e  v e h i c l e  

under test and supply inpu t  and output  s i g n a l s ,  on demand o r  s e q u e n t i a l l y ,  as 

required during checkout operat ions.  

of t h e  Avionics System T e s t  Unit  (ASTU) tests, t h e  Hydraulics and Control T e s t  

Unit  (HCTU-"Ironbird") tests, and f i n a l l y  i n  support  of t h e  complete v e h i c l e  

subsystem i n t e g r a t i o n  tests of t h e  f i r s t  f l i g h t  veh ic l e .  

The s imula to r s  w i l l  be  employed i n  support  

F lu id  Servicing - V e r i f i c a t i o n  of s p e c i f i c a t i o n  requirements of t h i s  equipment 

w i l l  be  accomplished by success fu l  demonstration of i ts  a b i l i t y  t o  service f l u i d s .  

This w i l l  be accomplished during the  development and v e r i f i c a t i o n  t e s t i n g  and 

during checkout and subsystem i n t e g r a t i o n  tests of t h e  f i r s t  f l i g h t  v e h i c l e .  

Handling and Transpor t a t ion  - Equipment used t o  p o s i t i o n ,  l i f t ,  o r  t r a n s p o r t  

s t r u c t u r a l  subassemblies,  equipment i t e m s ,  t he  assembled v e h i c l e ,  o r  t h e  mated 

assembly w i l l  be  s e q u e n t i a l l y  demonstrated f o r  s p e c i f i c a t i o n  compliance during 

handling of major s t r u c t u r a l  test  articles and f i n a l  assembly operat ions.  

tankage and main engine handling and t r a n s p o r t a t i o n  equipment w i l l  a l s o  be v e r i f i e d  

Main 
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i n  t h e  main engine c l u s t e r  s ta t ic  f i r i n g  tests. 

i n  assembly and checkout ope ra t ions  i n  the  Vehicle Assembly Building ( V U ) ,  t h e  

t r a n s p o r t e r ,  and t h e  launch pad. 

The equipment w i l l  a l s o  b e  involved 

Propuls ion Servicing - V e r i f i c a t i o n  of  propuls ion s e r v i c i n g  equipment w i l l  

The main propuls ion be accomplished during the s ta t ic  propuls ion system tests. 

system w i l l  be  se rv i ced  i n  t h e  v e r t i c a l  p o s i t i o n  and under cond i t ions  similar t o  

a c t u a l  launch operat ions.  The t o t a l  demonstration of t h e  s e r v i c i n g  equipment w i l l  

be checked as a two-part func t ion  i n  support  of t h e s e  operat ions.  

t i o n  w i l l  be accomplished a t  t h e  launch site. 

F i n a l  v e r i f i c a -  

The Airbreathing Propuls ion System (ABES) w i l l  be  f i n a l l y  v e r i f i e d  by demon- 

s t r a t i o n s  performed during t h e  p r e f l i g h t  ope ra t ions  p r i o r  t o  t h e  f i r s t  h o r i z o n t a l  

and ver t ica l  f l i g h t  tests. 

E l e c t r i c a l / E l e c t r o n i c  - The GSE f o r  e l e c t r o n i c  and electrical  v e h i c l e  equipment 

and systems w i l l  b e  v e r i f i e d  f o r  s p e c i f i c a t i o n  compliance during checks of t h e  major 

components and subsystems and t h e  i n t e g r a t e d  systems. 

v e r i f i c a t i o n  of t h i s  GSE w i l l  b e  conducted during i n t e r f a c e  t e s t i n g  involving t h e  

HCTU and t h e  ASTU. 

ground acceptance and systems i n t e g r a t i o n  t e s t i n g  of t h e  f i r s t  f l i g h t  veh ic l e .  

The i n t e g r a t e d  systems 

F i n a l  and complete v e r i f i c a t i o n  w i l l  be  accomplished during 
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Simulators (Electr ical /Mechanical)  - Required t o  s u b s t a n t i a t e  t h a t  t h e  
Verify t h a t  electrical, mechanical, 
and e l e c t r o n i c  func t ion  gene ra to r s ,  
and o t h e r  equipment used t o  s imula t e  support  during checkout. 
t h e  o t h e r  v e h i c l e  during v e h i c l e  
system checkout o r  f a c i l i t y  i n t e r f a c e  
checks, are compatible wi th  and 
d e l i v e r l r e c e i v e  s t i m u l i  as r equ i r ed  
by t h e  v e h i c l e  system i n  checkout. 

s imu la to r s  perform f i t  and func t ions  
and provide proper system simulat ion 

F lu ids  Servicing Equipment - Verify Required t o  s u b s t a n t i a t e  t h a t  t h e  
t h a t  a l l  GSE r equ i r ed  f o r  v e h i c l e  f l u i d s  and gaseous GSE m e e t  s e r v i c i n g  
l i q u i d  and gaseous f l u i d  s e r v i c i n g  and checkout requirements. 
and checkout meets t h e  requirements 
set f o r t h  i n  t h e  GSE s p e c i f i c a t i o n  
c o n t r o l  drawings. 

Handling and Transpor t a t ion  Equip- Required t o  s u b s t a n t i a t e  t h a t  t h e  
- ment - Verify t h a t  t h e  handling 
equipment, including prime movers, can be used t o  handle  and move t h e  
t r a n s p o r t e r s ,  e r e c t i o n  machinery, v e h i c l e  o r  i t s  p a r t s  without damage 
i n s t a l l e r s ,  s l i n g s ,  access s t ands ,  t o  t h e  v e h i c l e  and w i t h i n  personnel 
and o t h e r  miscellaneous handling s a f e t y  r e s t r i c t i o n s .  
equipment used t o  handle  and t r ans -  
p o r t  t h e  v e h i c l e  o r  i t s  p a r t s ,  
conform t o  f i t l f u n c t i o n  and 
s t r e n g t h  requirements,  and i n t e r -  
f a c e  wi th  HTO and VTO f a c i l i t i e s  
as app l i cab le .  

handling and t r a n s p o r t a t i o n  equipment 

Propuls ion Servicing Equipment - Required t o  s u b s t a n t i a t e  t h a t  t h i s  
Ver i fy  t h a t  GSE used i n  s e r v i c i n g  equipment can be  used t o  service 
t h e  main propuls ion system can ( load,  unload, and s a f e )  t h e  main 
d e l i v e r  cryogenic f u e l s  a t  t h e  propuls ion system. 
r equ i r ed  flow rates and temperatures 
t o  t h e  propuls ion system. Verify 
t h a t  t h e  r equ i r ed  GSE is compatible 
wi th  t h e  launch f a c i l i t i e s  and t h e  
a s s o c i a t e d  monitor,  d i sp l ay ,  and 
c o n t r o l  u n i t .  

FIGURE 5.6-1 
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Figure 5.6-1 (Continued) 

T e s t  Requirements J u s t i f i c a t i o n  

(5) Airbreathing Propuls ion System Required , t o  s u b s t a n t i a t e  t h a t  th is  
Equipment - Veri fy  t h a t  t h e  GSE se rv ic ing  equipment can be  used t o  
f o r  s e rv i c ing  t h e  a i rb rea th ing  service ( fue l /de fue l )  t he  ABES. 
engines system can perform servic- 
ing  opera t ions  and t h a t  i t  is 
compatible wi th  t h e  HTO and launch 
f a c i l i t i e s  i n  monitoring and 
t r a n s f e r r i n g  f u e l  t o  and from t h e  
vehic le .  

( 6 )  E l e c t r i c a l / E l e c t r o n i c  Equipment - Required t o  s u b s t a n t i a t e  t h a t  t h i s  
Verify t h a t  t h e  electrical  and GSE can be used i n  appropr i a t e  
e l e c t r o n i c  GSE can be used t o  f a u l t -  
i s o l a t e ,  checkout, monitor and 
c o n t r o l  systems of t h e  v e h i c l e  
during checkout and launch operat ions.  
Verify t h a t  t h i s  equipment is 
compatible wi th  the  HTO f a c i l i t i e s ,  
t he  VAB, t h e  maintenance bui ld ing ,  
and t h e  launch complex. 

checkout and launch operat ions.  

FIGURE 5.6-1 (Cont. 
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6. COMBINED SUBSYSTEMS TESTS 

These tests provide measurement of the functional characteristics of interfae- 

ing subsystems when operating individually or in combination with other operating 

subsystems. The tests w i l l  be performed on the dedicated setups provided for "sub- 

system tests" (paragraph 5.0) wherever practicable. However, the entire propulsion 

group, excluding the ABES portion, will be performed with that equipment mounted in 

the flight vehicle less wings and other unrelated assemblies. 

Combined subsystem tests will involve the following activities: 

o Avionics/FCS/Software, 

o Closed loop Software/Hardware Validation, 

o Integrated Hydraulics/Avionics/FCS, , 

o Propulsion Integration, 

o ACPS/APU Integration. 

Test data derived from these tests will provide assurance of total interface compat- 

ibility prior to being operated in an installed configuration. 

B6-1 
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6.1 Avionics System Test Unit Program 

6.1.2 Test Requirement and Justification - Early verification of avionic 
subsystems functional EM1 compatibility and integration of the avionic subsystems 

interfaces with other nonavionic subsystems (e.g., electrical, hydraulic, ECLS, 

etc.) will be required to minimize the risk of costly design changes late in the 

program. 

6.1.3 Test Approach and Rationale - After it has been demonstrated that the 
subsystems meet their individual design requirements, total avionic system tests 

will seek assurance of integration of the total avionic system and functional 

compatibility with other interfacing systems. 

An "Avionics Systems Test Unit" (ASTU) will be used for these tests and will 

The ASTU equipment will also be employed in be in the MDAC Avionics Laboratory. 

avionic/hydraulic flight control system (FCS) integration and software validation 

testing. 

Installation of the equipment, the cable lengths and interfaces of the actual 

vehicle will be duplicated within practical limits. 

nonavionic interface verification will not be accomplished on the ASTU since 

representative vehicle structure will be minimum and nonavionic system interfaces, 

with the exception of the electrical distribution system, will be represented with 

software as simple hardware simulators. Integration of actual interfaces with 

the other subsystems will be verified on the first flight article. 

The ASTU will consist of a complete ship set of production type hardware. 

Radiated EMC evaluations and 

Test software and a commercial computer will be used to facilitate closed- 

loop simulated mission testing for all phases from preflight checkout and launch 

through landing and vehicle safing. These tests will include operation at normal 

and abnormal operating conditions. 

Typical evaluations which will be conducted on these ASTU tests are as 

follows : 

B6.1-1 
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o Integration of avionic subsystems including redundancy management. 

o 

o Development and verification of avionic interfaces with other subsystems. 

o Development of operating, checkout, and servicing procedures. 

The ASTU setup will remain in existence until all production vehicles of 

Verification of design performance goals. 

Phase D are flying and its intended integration and software verification usage 

is completed. It will then be dismantled to reduce continuing engineering support 

costs. 

description summary. 

Figures 6.1-1 and 6.1-2 are a pictoral representation of the ASTU and a 

This test facility will be located in the MDAC Avionics Laboratory. This 

location is baselined because it will assure rapid and comprehensive coordination 

of tests requirements and results between the design groups and the test 

laboratory. 

For schedule information on the ASTU see Figure 5.3-6 in Paragraph 5.3.1 of 

this Section. 
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6.2 Closed Loop Software Val ida t ion  T e s t  Program 

6.2.1 T e s t  Requirement and J u s t i f i c a t i o n  - Perform a real-time execut ion of 

t h e  sof tware program on computer hardware under dynamic closed-loop condi t ions  

r e p r e s e n t a t i v e  of a c t u a l  f l i g h t  t o  v e r i f y  its f u n c t i o n a l i t y  and completeness. 

6.2.2 T e s t  Approach and Rat iona le  - Closed-loop v a l i d a t i o n  tests w i l l  be  per- 

formed on f l i g h t  sof tware programs using t h e  hardware c a p a b i l i t i e s  afforded by t h e  

ASTU combined wi th  commercial o r  GSE computational equipment. 

t i o n  test conf igura t ion  is shown i n  Figure 6.2-1 and w i l l  provide t h e  most 

r e p r e s e n t a t i v e  execut ion of t h e  f l i g h t  program s h o r t  of a c t u a l  f l i g h t .  

c i a l  computational equipment w i l l  be used " to  c l o s e  t h e  loop" and w i l l  provide: 

The sof tware va l ida-  

The commer- 

(1) veh ic l e ,  environmental and end instrument math models, and 

(2) t h e  inpu t s  t o  and accept output  commands from t h e  ASTU hardware through 

t h e  appropr i a t e  D I U  i n t e r f a c e s  t o  e f f e c t  closed-loop opera t ion .  

A t e n a t i v e  l ist  of t h e  i t e m s  t o  be  math modeled are shown i n  Figure 6.2-2, 

The s e l e c t i o n  of t h e  a c t u a l  system hardware t o  be included i n  t h e  test conf igu ra t ion  

w i l l  be made t o  preserve  t h e  a c t u a l  system i n t e r f a c e s  where poss ib l e  and p r a c t i c a l  

i n  t h e  l i g h t  t h a t  sof tware v a l i d a t i o n  i s  not  meant t o  be a system performance eva l -  

ua t ion .  The types  of a c t u a l  hardware t o  be included are ou t l ined  i n  F igure  6.2-3. 

Both the  ho r i zon ta l  f l i g h t  and t o t a l  mission sof tware programs w i l l  be  formally 

va l ida t ed  using customer-approved v a l i d a t i o n  test  plans.  

t e s t i n g  w i l l  be completed p r i o r  t o  t h e  av ionic  system i n t e g r a t i o n  v e r i f i c a t i o n  tests 

on t h e  f i r s t  f l i g h t  articles. 

w i l l  not  be performed on t h e  ground test program s i n c e  a c t u a l  test opera t ion  w i l l  

provide t h e  b e s t  proof of sof tware v a l i d i t y .  

The r e spec t ive  sof tware 

A formal per iod of closed-loop v a l i d a t i o n  t e s t i n g  

For schedule information on sof tware v a l i d a t i o n  t e s t i n g  see Figure 5.3-6 of 

paragraph 5.3.1 of t h i s  s ec t ion .  
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SOFTWARE WALIDATION TEST CONFIGURATION 

TYPICAL FOR ACTUATION 
OUTPUT COMMANDS 

C - TYPICAL FOR MATH! 

_----------- - 

1 
COMMERCIAL COMPUTATIONAL EQUIPMEN$# - I e ENVIRONMENTAL MODELS 

I e MATH MODELS OF SYSTEM ELEMENTS 1 1 MODELLED I -  FLIGHT CONFIGURED EQUIPMENT 
NON-AVIONIC SYSTEM HARDWARE 
ONLY ONE LEVEL OF REDUNDANCY 

L-- 
l----’ I ELEMENTS 

-r------- 

----- 
ELECTRICAL 7 

I POWER 
SOURCE I - - - - - - - 

(TY PI GAL) 

FIGURE 6.2-1 
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SOFTWARE VALIDATION TESTING 

SYSTEM ELEMENTS TO BE MATH MODELLED 

o Air Data Sensors 

o S t a t i c  Pressure 
o Total Pressure 
o Total Temperature 

o Propulsion System Elements 

o Operational Model 
o Display Data 

o Hydraul i c Sys tem Elements 

o Closed-Loop Actuator Operational Model 
o Display Data 

o Comunication Subsystem 

o Env i  ronmental Control and Life Support Subsystem 

o Operational Model to  Provide Display Data 

o Landing Aids 

o VOR 
o DME 
0 ILS 
o Radar Altimeter 

o Star  Tracker 

o Horizon Sensor 

o Rate Gyros 

o Accelerometer 

FIGURE 6.2-2 
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FLIGHT CONFIGURED HARDWARE (Four Levels of Redundancy) 

HARDWARE ELEMENT 

o Computer, System Control U n i t  
and Data Bus 

o Mass Memory 

o Iner t ia l  Platform 
(Gimbal Angles) 

o Iner t ia l  Platform 
(Accelerometers ) 
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METHOD OF DATA INTERFACE 

Actual 

Actual 

Hardware Simulator o f  Interface 

Actual : Suggested Approach is to  
Electrically Insert  Cal- 
culated Linear Acceleration 
Into Accelerometer Reba1 ance 
Circuitry t o  Obtain 
Correspondi ng Accelerometer 
O u t p u t  Pulses 

o Crew Station Controls and Displays Actual 
(Items That Interface W i t h  Data Bus) 

o Electrical  Power o Actual fo r  the Hardware i n  
Simulation; Signal Conditioners fo r  
Other Power Sequence and Display 
I n f o rma t i on. 

FIGURE 6.2-3 
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6.3 

6.3.1 

Integrated Hydraulic/Avionic Flight Control System (FSC) Tests 

Test Requirement and Justification - Total flight control system (FCS) 
integration tests are required early to provide data for vehicle software design, 

and to verify compatibility of the hydraulic and avionic portions of the system. 

Early integration tests on this system will minimize the risk of having costly 

software and/or hardware changes late in the program. 

6.3.2 Test Approach and Rationale - Flight control system components and 
subassembly development tests will have been conducted as will subsystem tests 

on the Avionic Systems Test Unit (ASTU) and Hydraulics and Controls Test Unit 

(HCTU). 

portions of the ASTU and the HCTU. Tests will be conducted to verify the sub- 

system interfaces, and automatic and man-in-the-loop operation of the complete 

flight control system under a cross section of representative and extreme mission 

conditions. 

for programmed control inputs. 

the control system will be performed. 

information gained during the simulator flight controls studies and to obtain 

pilot acceptance through design iteration. During these tests, performance 

requirements such as rates and travels must be met. Excessive interaction between 

systems, instability, or operational malfunctions will be eliminated by design 

modifications as necessary. 

pilot approval. 

These FCS integration tests will be conducted by combining the applicable 

Both normal and controlled failure mode operation will be simulated 

Qualitative and quantitative pilot evaluations of 

The tests will be designed to supplement 

System operation and feel shall generally meet with 

These FCS integration tests will be conducted at MDAC where the ASTU and 

HCTU will be located. 

hensive coordination of test requirements and results between the design groups 

and the test laboratory. 

and 5.5-13 of paragraphs 5.3.1 and 5.5.2. 

This location is selected to facilitate rapid and compre- 

Schedule information on these tests is in Figures 5.3-6 
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6 . 4  Propulsion I n t e g r a t i o n  T e s t  Program 

The propuls ion i n t e g r a t i o n  test art icle provides the c a p a b i l i t y  of performing 

i n t e r r e l a t e d  tests of a l l  of t h e  propuls ion subsystems except t h e  a i r b r e a t h i n g  

engine subsystems. The e n t i r e  Booster cryogenic systems (ACPS and main engines) 

and t h e i r  i n t e r r e l a t e d  GSE and F a c i l i t y  subsystems; t he  APU subsystem which u t i l i z e s  

p r o p e l l a n t s  from e i t h e r  t h e  ACPS gas s t o r a g e  subsystems o r  J P  f u e l  from t h e  air- 

b rea th ing  subsystem, and s u p p l i e s  hydrau l i c  power t o  t h e  main engine a c t u a t o r  and 

electrical  power f o r  t h e  e n t i r e  Booster; t h e  main engine subsystem; t h e  fuse l age  

s t r u c t u r e  and TPS (o r  s u b s t i t u t e ) ;  t h e  launch purge subsystem which prevents  mois- 

t u r e  condensation on t h e  cryogenic tanks and must i n e r t  and w a r m  c e r t a i n  equipment 

areas; and a l l  t h e s e  subsystems c o n t r o l  and monitoring av ion ic s  from each component 

t o ,  and including,  i t s  appropr i a t e  D i g i t a l  I n t e r f a c e  Unit ( D I U )  make up t h e  i n t e -  

g r a t i o n  test ar t ic le .  Each of t h e  subsystems descr ibed has  an i n t e r r e l a t i o n s h i p  

with one o r  more of t h e  r e l a t e d  subsystems. The test a r t i c l e  w i l l  be  production 

hardware which w i l l  be  r e tu rned  t o  t h e  f i n a l  assembly area where omitted production 

i t e m s  w i l l  b e  i n s t a l l e d .  

i n g  checkout ramp and h o r i z o n t a l  f l i g h t  demonstration tests, complete a F l i g h t  

Readiness F i r i n g  and become an o p e r a t i o n a l  Booster. 

The Booster w i l l  be sub jec t ed  t o  a normal p o s t  manufactur- 

The propuls ion tests planned provide a progressive buildup i n  test complexity 

i n  order  t o  o b t a i n  a maximum of s a f e t y  and s t i l l  provide a l l  necessary Booster 

i n t e g r a t i o n  requirements. 

main engine f i r i n g  tests have been ou t l ined  which w i l l  provide s u f f i c i e n t  d a t a  f o r  

subsystem eva lua t ion  and subsystem i n t e r r e l a t i o n  eva lua t ion  between main propuls ion,  

av ion ic s ,  s t r u c t u r e ,  MU, ACPS, GSE and f a c i l i t y  including maintenance and checkout 

requirements v e r i f i c a t i o n .  

s en ted  i n  Paragraph 5.2.1.3.2. 

Two cryogenic and pneumatic s e r v i c i n g  tests and f i v e  

A d e t a i l e d  d e s c r i p t i o n  of t h e s e  seven tests i s  pre- 

66.4- 1 
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B a t t l e s h i p  tanks wi th  production components, f l i g h t  weight tanks on s ta t ic  test 

s t ands  w i t h  production components and combinations of production hardware and 

b a t t l e s h i p  tanks w e r e  considered f o r  t h i s  test  program. The ar t ic le  chosen proved 

t h e  most c o s t  e f f e c t i v e  and t e c h n i c a l l y  t h e  most u s e f u l  i n  propuls ion system i n t e -  

g r a t i o n  t e s t i n g .  

The f a c i l i t y  chosen f o r  t h e s e  tests w a s  t h e  KSC ope ra t iona l  launch si te.  

The o p e r a t i o n a l  Launch Umbilical Tower (LUT) w i l l  be used f o r  t h e s e  tests.  The 

GSE and f a c i l i t y  connections t o  t h e  Booster o r  which supply t h e  Booster 's  systems 

w i l l  b e  t h e  same as those u t i l i z e d  f o r  launch. The only except ion t o  t h i s  w i l l  be a 

modif icat ion t o  t h e  hold down p ins .  These a t t a c h  p ins  w i l l  be modified f o r  added 

s t r e n g t h  f o r  t h e  s t a t i c  tests t o  provide g r e a t e r  margin of s a f e t y  when f i r i n g  a l l  

engines w i t h  t h e  p r o p e l l a n t  tanks n e a r l y  empty. This w i l l  no t  a f f e c t  any t e s t e d  

system s i n c e  t h e s e  attachments w i l l  not  be required for a Booster release during 

t h e s e  tests. 

Ex i s t ing  f a c i l i t i e s  capable of t e s t i n g  t h e  Booster and new test f a c i l i t i e s  w e r e  

considered i n  a d d i t i o n  t o  t h e  one chosen. The use of  t he  launch f a c i l i t y  imposed 

no new c o s t s .  I n  a d d i t i o n  i t  i s  t e c h n i c a l l y  s u p e r i o r  s i n c e  t h e  chosen test f a c i l -  

i t y  does not  have t o  attempt t o  s imula t e  t h e  expected launch s i te  f a c i l i t y  i n t e r -  

act  ions. 

The tes t  a r t ic le  w i l l  be equipped with a Development F l i g h t  Instrumentat ion 

(DFI) system during manufacturing. This system i s  designed t o  be removed with a 

minimum scar weight remaining when t h e  Booster becomes ope ra t iona l .  The DFI and 

o p e r a t i o n a l  f l i g h t  instrumentat ion system w i l l  provide t h e  necessary test a r t i c l e  

d a t a  r equ i r ed  f o r  t h e  propuls ion i n t e g r a t i o n  t e s t i n g .  

B6.4-2 
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7. VEHICLE TESTS 

This activity comprises all ground tests, calibrations, subsystems checkout, and 

horizontal flight envelope expansion and performance verification which, by nature, 

must be performed on the completed vehicle and its installed equipment. The purpose 

of these tests is substantiate specification requirements for: subsystem functional 

performance, structural proof, instrumentation calibrations, and quality assurance 

adequacy. 

the NASA. 

Data from these tests will be pertinent to pre-delivery acceptance by 

67-1 
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le Utilization - The use of complete booster vehicles in th test 

program will begin in the final assembly and checkout stage of the fabrication pro- 

cess. 

complete with the fifth or final vertical development flight. 

Testing will continue through horizontal and vertical flight phases and be 

The specific tests to be performed on each subsystem are described more fully 

in the section of this report dealing with subsystem tests. 

report will attempt to describe the sequencing of those tests performed on the 

flight vehicles. 

7.1.1 

This section of the 

Figure 7.1-1 is presented to aid in this description. 

Booster Vehicle Number 1 - The first booster vehicle in final assembly 

will be the first booster completed and the first one to fly. 

Its primary use in the overall Test Plan is the accomplishment of those tests 

necessary to develop and verify the cruiseback and landing capability of the booster 

vehicle and will be assigned a majority of the work required in the booster hori- 

zontal test program. 

In the process of fabricating Booster Number 1, it will be equipped with pro- 

duction systems wherever possible. However, certain subsystems not required for 

horizontal flight test, or not available for installation, will be deferred until 

the mid-test vehicle update or the preoperational refurbishment period. 

include such items as the attitude control engines, the airbreathing engines space 

modifications, and portions of the avionics, thermal protection, and environmental 

control systems. Simulators will be installed in place of the main propulsion sys- 

tem rocket engines. Provisions, such as brackets, wire bundles, lines and piping, 

etc., for deferred subsystems will be installed prior to first horizontal flight. 

These might 

Flight test modifications will consist of the Development Flight Instrumentation 

system (DFI) and a crew escape system. (The DFI is described in Paragraph 7.5.) 

B7.1-1 
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During t h e  F ina l  Assembly and Checkout phase of t h e  manufacturing schedule ,  

subsystem tests w i l l  be  performed on Vehicle 1 as descr ibed i n  t h e  app l i cab le  sub- 

system s e c t i o n s  of t h i s  r epor t .  Loads instrumentat ion c a l i b r a t i o n s  and a i r f rame 

dynamic response tests (described i n  Paragraph 7.2) w i l l  a l s o  be  conducted. 

la t ter  po r t ions  of t h i s  per iod,  i n i t i a l  engine runs  (air b rea the r s )  w i l l  be performed. 

Our a i r p l a n e  experience i n d i c a t e s  t h a t  t h e  engines should be operated i n  t h i s  phase 

by t h e  f l i g h t  crew assigned t o  t h e  f i r s t  f l i g h t  i n  order  t h a t  they become f a m i l i a r  

wi th  t h e  c o n t r o l s ,  engine response and opera t ion ,  as w e l l  as sounds a s soc ia t ed  with 

the  veh ic l e  as an a i d  t o  e a r l y  operat ion.  

I n  t h e  

In t h e  last  few weeks before  f i r s t  f l i g h t ,  t a x i  tests w i l l  be conducted. These 

tests w i l l  be r a t h e r  q u a l i t a t i v e  i n  na tu re  being aimed a t  assur ing  t h a t  c o n t r o l  on 

the  ground is smooth and p r e d i c t a b l e  r a t h e r  than aimed a t  determining t h e  minimum 

stopping d i s t ance ,  tu rn ing  r a d i i ,  etc. which w i l l  be measured later i n  t h e  horizon- 

t a l  test program, 

t a x i  run dup l i ca t ing  a c t u a l  takeoff  condi t ions  t o  t h e  po in t  of l i f t  o f f .  

P r e - f i r s t - f l i g h t  t a x i  tests w i l l  be concluded wi th  a high speed 

Af ter  f i r s t  f l i g h t ,  Booster Vehicle Number 1 w i l l  undergo s e v e r a l  shakedown 

f l i g h t s  from KSC and then be f e r r i e d  t o  Edwards AFB Ca l i fo rn ia  f o r  f u r t h e r  horizon- 

t a l  tests. 

The ho r i zon ta l  test program is descr ibed i n  Paragraph 7.4 as is t h e  p lan  f o r  f e r ry -  

i n g  t h e  v e h i c l e  t o  EAFB. 

The s e l e c t i o n  of Edwards as a test  s i te  is  addressed i n  Paragraph 7.4.- 

Upon conclusion of ho r i zon ta l  t e s t i n g  a t  Edwards AFB, Booster Number 1 w i l l  be 

f e r r i e d  back t o  KSC f o r  completion of ho r i zon ta l  tests. 

7 .1 .2  Booster Vehicle No. 2 - Booster Vehicle Number 2 as shown on Figure 7.1-1 

w i l l  be used i n  a v a s t l y  d i f f e r e n t  manner than Booster Vehicle Number 1 i n  t h e  Space 

S h u t t l e  program. 

and de l ive red  sans  wings, empennage, canards,  a i r  brea th ing  engines ,  and cockpi t  

Its f a b r i c a t i o n  w i l l  be Snterrupted i n  t h e  f i n a l  assembly process  

B7.1-3 
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displays to the launch complex for main propulsion system cluster firing tests. 

These tests are described fully in Paragraphs 5.2.1 and 6 . 4 .  

Subsequent to main propulsion cluster firing tests, Booster Vehicle Number 2 

will be returned to the final assembly area for refurbishment and completion of 

assembly. During this period, the installation of Development Flight Instrumentation 

(as described in Paragraph 7.5) will be completed. 

Following ground checkout tests, it will be operated briefly from KSC in the 

horizontal mode to "shakedown" its subsystems. 

Presently, the timing of this vehicle is such that it is planned to use it in 

the horizontal mode for final crew training just before the first vertical mated 

flight (which will be accomplished on Booster Vehicle Number 3). 

With the completion of this phase, Booster Vehicle Number 2 will be assigned 

to the vertical flight test program wherein it will carry out two of the five 

vertical flights in the development program. (These vertical flight tests are dis- 

cussed in Paragraph 7.5 of Section A of this report.) 

Subsequent to its vertical flight development trials, it will be refurbished 

for operational use. 

7.1.3 Booster Vehicle No. 3 - After undergoing Final Assembly and Checkout, 

Booster Vehicle Number 3 will be subjected to a brief horizontal flight acceptance 

test and then be used to conduct horizontal flight tests of booster avionics sub- 

systems. These tests are planned from the operational site at KSC to utilize opera- 

tional ground facilities such as the Instrument Landing System, and communications 

facilities. 

At the conclusion of these tests Booster Number 3 will be assigned to the "pnd 

checkout'' phase of the vertical test program. A detailed schedule of the events 

87.1-4 
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and ac t iv i t ies  i n  t h i s  phase is presented i n  Sec t ion  A as Figure 7.1-1. 

t i o n s  of t h e  tests performed on the  boos te r  a t  t h i s  t i m e  are given i n  Paragraph 7.2  

of t h i s  s e c t i o n  and i n  paragraphs 7.2 and 7.4 of Sect ion A. 

Descrip- 

Subsequently Booster Number 3 i s  used f o r  t h r e e  of t h e  f i v e  v e r t i c a l  develop- 

ment f l i g h t s  lead ing  t o  Operat ional  Capabi l i ty  of t h e  Space S h u t t l e  System, a f t e r  

which i t  is  refurb ished  f o r  ope ra t iona l  use. 

B7.1-5 



MDC E0308 
30 lune 7971 

ttle Program - Pha PART 111-5 
TEST 

7.2 Ground V e r i f i c a t i o n  T e s t s  - I n  a d d i t i o n  t o  normal manufacturing cyc le  

q u a l i t y  assurance and f u n c t i o n a l  acceptance tests, t h e  following v e r i f i c a t i o n  

tests w i l l  be  performed using a f l i g h t  v e h i c l e  as t h e  test article. 

are designed t o  m e e t  t h e  requirements presented i n  Figure 7.2-1. 

These tests 

INTEGRATED BOOSTER VEHICLE TEST REQUIREMENTS 

TEST REQUIREMENTS 

(1) F l i g h t  test s t r u c t u r a l  i n s t r u -  
mentation s h a l l  b e  c a l i b r a t e d .  

( 2 )  Low-level dynamic response tests 
s h a l l  be performed on t h e  f i r s t  
boos t e r  a i r f rame,  i n  t h e  ho r i -  
z o n t a l  p o s i t i o n ,  p r i o r  t o  f i r s t  
f l i g h t  . 

(3 )  Radiated and conducted e l e c t r o -  
magnetic compa t ib i l i t y  of , 

i n s t a l l e d  subsystems s h a l l  be 
v e r i f i e d  on t h e  f i r s t  complete 
f l i g h t  veh ic l e  ( p r i o r  to  f l i g h t )  
during test and checkout opera- 
t i o n s  on t h e  i n s t a l l e d  systems. 

( 4 )  The f u n c t i o n a l  compa t ib i l i t y  of 
i n s t a l l e d  systems o r  subsystems 
s h a l l  be v e r i f i e d  by demonstra- 
t i o n  tests. 

(5) The boos te r  v e h i c l e  t o  be  
employed i n  the  i n i t i a l  verti-  
ca l  take-off f l i g h t  s h a l l  be  
sub jec t ed  t o  a minimum dura t ion  
f l i g h t  readiness  f i r i n g  of  the 
main propulsion system. 

JUSTIFICATION 

Required t o  provide accu ra t e  f l i g h t  
l oads  s u b s t  an t i a  t ion.  

Required i n  o r d e r  t o  s u b s t a n t i a t e  
veh ic l e  dynamics mathematical model. 

Required i n  o rde r  t o  s u b s t a n t i a t e  
design a n a l y s i s  and a s su re  f l i g h t  
s a f e t y .  The EMC tests on ground test  
u n i t s  w i l l  n o t  complete r e s o l u t i o n  of 
p o t e n t i a l  EM1 problems due t o  radia-  
t i o n ,  s i n c e  the  se tup  w i l l  n o t  provide 
t h e  complete veh ic l e  r ep resen ta t ion  of  
s h i e l d i n g  and cab le  rout ing.  

Required i n  o r d e r  t o  demonstrate capa- 
b i l i t i e s  of system t o  func t ion  i n  
harmony and without  j eopa rd iz ing  
f l i g h t  s a f e t y  . 
To a s s u r e  the  launch r ead iness  of t h i s  
v e h i c l e  which w i l l  n o t  p rev ious ly  
have been employed i n  any cryogenic 
f l u i d  operat ion.  This w i l l  provide 
level of confidence i n  a t t a i n i n g  the 
s t a r t  sequence without  any o t h e r  
d e l e t e r i o u s  e f f e c t  on t h i s  p a r t i c u l a r  
veh ic l e .  

FIGURE 7.2-1 
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(a) Structural Loads Application - The assembled airframes to be employed in 
flight tests will be subjected to structural loading conditions to cali- 

brate flight test instrumentation. 

prior to installation of those TPS assemblies that would obviate desired 

access to basic structural locations needed as load input points. 

airframe will be installed in a test fixturing system which will provide 

loads applications and reactions which simulate conditions established as 

necessary for instrumentation calibration. 

The test will be scheduled to occur 

The 

The test systems will be 

designed to expedite testing by rapid conversion from one test condition 

to another. Loads will be applied and reacted in a manner to prevent 

local damage to the vehicle as a result of loads introduction and test 

system interlocks will be included to provide a fail-safe test system. 

Instrumentation of the airframe will fulfill flight test requirements and 

will be correlated with major structural section-level test data. 

Facilities requirements are a structural loading capability with 

data acquisition and reduction system at the final assembly site. 

operations will be the responsibility of MDAC. 

Test 

The test schedule is shown in Figure 7.1-1 and is coordinated with 

the airframe assembly tests to be completed prior to flight. 

must be completed successfully prior to release of the airframe for 

flight. 

Airframe Dynamic Response Test - A nondestructive Ground Vibration Test 
(GVT) will be performed on the first fully assembled flight vehicle prior 

Testing 

(b) 

to horizontal take-off flight testing. 

mass systems installed or simulated, onboard systems will be installed 

and operating as required, and the vehicle will be as nearly as possible 

in a "flight ready" configuration. 

The vehicle will have all major 

The airframe will be tested in a 
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horizontal attitude while being supported by low-spring-rate devices. 

Electro-mechanical exciters will be used for low level dynamic force 

inputs to the structure. Structural response will be determined from 

force, velocity, or acceleration data (or combinations of these) acquired 

during test. 

It is anticipated that the Air Force portable multiple shaker ground 

Mode shape and frequency response data will be obtained. 

vibration test system (designed for the XB-7OA) will be used to perform 

this test. 

The vehicle support area of the final assembly building will be used 

to conduct this testing. The Air Force owned vehicle support devices, 

dynamic exciter systems, and a dynamics data acquisition and reduction 

system will be required as test equipment. 

responsibility of MDAC. 

Test operations will be the 

The test schedule is shown in Figure 7.1-1 and is coordinated within 

the airframe assembly verification test program. 

This testing is essential to substantiate the structural dynamics 

analytical model(s) of the vehicle for verification of airframe flutter 

characteristics prior to flight. 

Installed Subsystem Integration - In addition to normal manufacturing 
cycle quality assurance and functional acceptance tests on the subsystems, 

the following ground tests will be performed using the first flight 

article. 

(c) 

The installed electrical power and distribution system will be 

verified for specification conformance on the first flight vehicle con- 

current with other system tests. 

verify: (1) power to the main buses, (2) bus tie connections, (3) system 

The electrical system tests will 
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controls and displays are functioning properly, and ( 4 )  that system opera- 

tion is compatible with verified flight and checkout software and pro- 

cedures. 

Installed avionics system integration verification tests will also 

be conducted using the first assembled flight vehicle prior to first 

horizontal take-off flight. 

the first vertical flight vehicle since the first HTO vehicle may not 

have total mission capability at that time. 

concern will be evaluation of electromagnetic compatibility (EMC), and 

assurance of avionics and software integration with the other vehicle 

sys tems . 

Similar tests will be performed later using 

The two major areas of 

Although EMC testing will have been conducted at the component, 

subsystem, and system level, the nature of those test setups will not 

have lent themselves to complete or comprehensive evaluation of radiated 

electromagnetic compatibility. 

include effects of structure conductivity and shielding, and actual 

cable routing. 

Tests on the complete vehicle will 

Both vehicle and GSE will be evaluated under representative mission 

conditions from prelaunch through landing. Throughout the testing, 

interfaces with the other subsystems will be evaluated and test results 

will be compared to those from the ASTU to determine if there are any 

problem areas. Results of these tests may be used to improve the ASTU 

and software validation setups. Any flight-initial interface problems 

will be resolved before first flight. 

Installed hydraulic system testing will be accomplished after the 

ground acceptance proof pressure and leak tests. 

systems will be functionally tested. 

All hydraulic sub- 

The vehicle will be placed on 
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jacks for tests involving landing gear extension and retraction. 

vehicle power and GSE power sources will be used. 

simulated and the affected subsystems operated. 

conducted with off-nominal reservoir fluid levels to simulate the effects 

of volume changes due to thermal expansion and contraction. 

functioning will be observed at the various operating conditions. 

tional checks will also be conducted while the airbreathing engines are 

running to determine if there is any undesirable vibration of plumbing 

or equipment. 

the Hydraulics and Controls Test Unit. 

Both 

Pump failure will be 

Operations will also be 

Subsystem 

Func- 

Data from these tests will be compared to the results from 

Installed ECLS system tests will include EMC tests, system response 

tests, functional tests of the air distribution system to verify adequate 

delivery to all parts of the system, sound level measurement in the 

habitable vehicle areas, evaluation of nominal and off-nominal system 

operation with normal and programmed interface failures, evaluation of 

heat transfer efficiency, installed duct proof pressure tests, and tests 

to evaluate complete system servicing needs, adequacy of procedures, and 

GSE. 

Acoustic evaluations will also include the effects of all other 

installed systems during operation. Objectionable noise levels, if there 

are any, will be minimized within the limits of safe functional perform- 

ance of the subsystems. 

Installed airbreathing engines systems ground testing prior to first 

horizontal flight will include fuel quantity gauging calibration, full 

thrust run-ups, engine acceleration calibration from idle to full power 

and vehicle horizontal roll acceleration tests. 

adequate confidence to initiate the horizontal flight test program. 

These tests will provide 

07.2-5 



MDC €0308 
30 June 7977 

Space Shuttle Program - Phase B Final Report 
P R Q G R A ~  ACQUlSITlQN PLANS 

PART 111-5 
TEST 

(a)' F l i g h t  Readiness F i r i n g  (FRF) - The f i r s t  booster  assembled w i t h  pro- 

duc t ion  main engines  w i l l  be t h e  f i r s t  booster  launched v e r t i c a l l y .  

v e h i c l e  w i l l  be s ta t ic  f i r e d  (with t h e  o r b i t e r  mated) t o  v e h i c l e  i t s  

f l i g h t  r ead iness  p r i o r  t o  mated f l i g h t .  

a n  o p e r a t i o n a l  Launch Umbilical Tower. This  test f a c i l i t y  w i l l  be t h e  

same as t h a t  u t i l i z e d  f o r  booster  propuls ion i n t e g r a t i o n  t e s t i n g  descr ibed 

i n  Paragraph 6 . 4 .  

i d e n t i c a l  t o  t h a t  planned f o r  a launch countdown. A component f u n c t i o n a l  

check w i l l  be made of a l l  components which can be s a f e l y  functioned 

a f t e r  p r o p e l l a n t  loading.  The v e h i c l e  w i l l  then complete a f i n a l  launch- 

sequenced p repa ra t ion  inc lud ing  s t a r t i n g  of APU' s  and t r a n s f e r r i n g  t o  

i n t e r n a l  power. 

a proposed launch countdown condi t ion.  

t o  o p e r a t e  only long enough t o  a l low t h e  main propuls ion system start 

t r a n s i e n t s  t o  s t a b i l i z e ,  and then w i l l  be shut  down. Each of t h e  ACPS 

engines w i l l  be  operated a f t e r  main engine shutdown t o  v e r i f y  ope ra t ion .  

This  

The boos te r  w i l l  be mounted on 

The v e h i c l e  w i l l  be loaded wi th  f l u i d s  i n  a manner 

The main engine start  sequencing w i l l  be i d e n t i c a l  t o  

The main engines w i l l  be allowed 
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7.3 Ground Acceptance Testing - Ground acceptance testing of the vehicle 
includes those acceptance tests performed on components prior to installation in 

the vehicle, manufacturing-in-process tests, subsystem, and combined subsystems 

tests performed upon completion of vehicle assembly. The equipment (component) 

acceptance plan, delineated in Paragraph 5 of Section A,  will be integrated with 

the ground acceptance test plan as defined in this section. Figure 7.3-1 

presents a representative flow plan of vehicle acceptance from component tests to 

final acceptance prior to horizontal flight. 

7.3.1 Requirements - Requirements for acceptance test of the vehicle from 
initial manufacturing assembly to final pre-horizontal flight acceptance testing 

are presented in Figure 7.3-2. 

sented in Paragraph 5 of Section A. 

are included under the appropriate subsection of Paragraph 5. 

Requirements for component acceptance are pre- 

Acceptance test requirements for each subsystem 

Approach - The acceptance test program will verify that each vehicle 
and all its subsystems have been correctly assembled and will develop confidence 

in each vehicle's flight readiness for initial horizontal flight. 

based on a building block philosophy, from in-depth testing of components prior to 

installation at the factory to final checkout immediately prior to takeoff. Test- 

ing will be nonrepetitive in nature (e.g. testing to the same depth will not be 

repeated in successive test sequences). 

will be combined in an integrated approach to the testing of development vehicles 

which subsequently become operational. 

The program is 

Development and acceptance test functions 

Interwoven with the manufacturing buildup of the vehicle, tests are performed 

to validate subassemblies prior to their installation, subsystem interfaces to 

these subassemblies, subsystems end-to-end, and subsystems in combination. The 

contractor's overall approach to vehicle acceptance test follows. Subsystem 

B7.3-1 
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GROUND FACTORY ACCEPTANCE TEST REQUIREMENTS 

Test Requirements 
Subassembly Acceptance Tests - Acceptance 
tests shall be performed on subassemblies 
such as modules, cabling, fluid lines, 
and tanks prior to their installation in 
next assemblies, and shall include con- 
tinuity and insulation tests, breakdown 
and grounding tests, proof pressure and 
leakage tests, or functional tests, as 
appropriate. 
Installation Acceptance Tests - Tests 
shall be performed during the manu- 
facturing phase to verify proper 

installations. 
Subsystem Acceptance Tests - These shall 
be performed on subsystems mounted in 

the vehicle. 
Combined Subsystems Acceptance Tests - 
After each subsystem has been tested 
and validated individually, the com- 

bined subsystems are operated and checked 
out simultaneously. 
Preflipht Tests - Prior to horizontal 
flight, a series of ground tests are 
required that check out all subsystems 
that will be called upon to operate 
during the horizontal acceptance flights. 

These include tests on the airbreathing 

engines, the MU'S, integrated avionics, 
the flight controls, flight test instru- 

mentation, etc., and includes taxi tests. 

Justification 
To verify that the subassemblies 
perform within design specifica- 
tions, and to accomplish this as 
early in the manufacturing cycle 

as practical so that any discre- 
pancies can be corrected without 

impacting the overall schedule. 

To verify that components and sub- 
assemblies are properly installed and 
to validate their interfaces. 

Tests are required to checkout each 
subsystem after the manufacturing 

installations are complete. 
To check that both interfacing and 
noninterfacing subsystems function 
properly during simultaneous 
operations. 

To check that all subsystems required 

for takeoff, horizontal flight and 
landing are functional prior to commit- 

ting the vehicle to flight. 

FIGURE 7.3-2 
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approaches are included under the appropriate subsection of Paragraph 5 of this 

sect ion. 

ComDonent Acceptance - Prior to installation, functional tests will be per- 

formed on procured components and modules to the depth necessary to verify accept- 

able characteristics. 

are found in Paragraph 5 of Section A. 

Details of the contractor's approach to component acceptance 
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Subassemblv Acceptance - Tests will be performed on subassemblies during the 
manufacturing phase to verify proper assembly and that integrity, operation and 

performance are within design specifications. 

they are tested are as follows: 

Examples of subassemblies and of how 

Cabline; - Continuity, insulation breakdown, shielding and grounding tests 
will be performed. 

Fluid Lines, Manifolds, Tanks - Fabricated assemblies will be hydrostati- 
cally or pneumostatically proof pressure tested and leak tested. 

Jacketed cryogenic lines will be cold shocked using a cryogenic fluid and 

leak tested using a mass spectrometer. 

Modules - Applicable cabling, line and tank tests, as above, will be per- 

formed on modules during and/or after manufacturing buildup. 

will vary from relatively small pneumatic units to major assemblies con- 

sisting of a complete cabin-nose section. Module testing is designed so 

that upon final assembly, there will be no requirements to repeat the tests 

to the same level. Next assembly testing is to be mainly concerned with 

validation of interfaces. 

until the subsystem is completed on the next assembly for cases where 

complex and expensive simulators are required to accomplish the test in a 

module level. 

Modules tested 

Tests of modularized components will be deferred 

Installation Acceptance - As components and subassemblies are installed in the 
vehicle, testing will be accomplished to verify proper installation. Subsystems and 

components will be functionally checked and operated only to the extent necessary 

to verify interfaces and to provide support for the manufacturing installation pro- 

cess. 

onboard valves in order that the proper weld atmosphere can be established and that, 

For example, the welding of installed lines may require the actuation of 
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subsequent t o  welding, proof p re s su re  can be appl ied.  

t h i s  t ype  w i l l  be  performed a t  t h e  Michoud Assembly F a c i l i t y  and a t  t h e  f i n a l  

assembly f a c i l i t y  a t  KSC, 

T e s t s  and ope ra t ions  of 

Subsystem Acceptance - Afte r  the manufacturing i n s t a l l a t i o n s  of subsystems and 

t h e i r  i n t e r f a c e s  are completed, tests of entire subsystems are performed t h a t  check 

proper i n s t a l l a t i o n  i n t e g r i t y ,  func t ion  and operat ion of each subsystem. 

(Reference Paragraph 5 1. 

Combined Subsystems Acceptance - Upon completion of i n d i v i d u a l  subsystems tests, 

an a l l -up  systems test  w i l l  be  performed where a l l  subsystem i n t e r f a c e s  wi th  t h e  

v e h i c l e  and o t h e r  subsystems are v a l i d a t e d  and checked o u t .  A l l  subsystems are 

t e s t e d  i n  sequence ( a s  c o n t r o l l e d  by t h e  onboard DMS) t o  e s t a b l i s h  ope ra t iona l  

r ead iness  and check t h a t  a l l  elements w i l l  f unc t ion  i n  t h e  proper sequence f o r  

f l i g h t .  

An electromagnet ic  c o m p a t i b i l i t y  t e s t  w i l l  be  conducted on each v e h i c l e ,  w i th  

a l l  systems as n e a r l y  as p o s s i b l e  i n  f l i g h t  conf igu ra t ion ,  i n  o rde r  t o  determine 

t h a t  any manual switch ope ra t ion ,  d a t a  bus sequences, o r  mechanical sequences ( t h a t  

are performed i n  f l i g h t )  w i l l  no t  gene ra t e  spurious s i g n a l s  on t h e  d a t a  bus o r  

cause dropouts of d a t a  which would a f f e c t  t h e  o v e r a l l  ope ra t ion  of t h e  veh ic l e .  

P r e f l i g h t  Tests - A series of ground tests is  performed t o  check proper opera- 

t i o n  of a l l  subsystems t h a t  w i l l  ope ra t e ,  o r  be c a l l e d  upon t o  ope ra t e ,  during a 

h o r i z o n t a l  f l i g h t .  

formance checked. 

f l i g h t .  

ope ra t ion  of t h e  DMS and f l i g h t  test  instrumentat ion.  The p r o p e l l a n t  condi t ioning 

system w i l l  be  operated and checked ou t .  

checks of t h e  APU's, hydrau l i c  and e lectr ical  subsystems made. 

Airbreathing propuls ion engines w i l l  b e  run up and t h e i r  per- 

The DMS w i l l  be used f o r  onboard c o n t r o l  and monitoring during 

For e a r l y  development v e h i c l e s ,  emphasis w i l l  be  placed on t h e  proper 

APU's w i l l  be s t a r t e d  and ope ra t ions  

An o v e r a l l  av ion ic s  
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systems test using onboard computer w i l l  be made e i t h e r  on an end-to-end o r  open 

loop b a s i s  ( i n  t h e  case of comm-navaids). The development f l i g h t  test equipment 

w i l l  be c a l i b r a t e d  and open loop opera t ion  t o  t h e  s i te  te lemetry f a c i l i t y  w i l l  be  

v e r i f i e d  . 
After  a l l  subsystems have been checked wi th  t h e  v e h i c l e  i n  a s t a t i o n a r y  posi-  

t i o n ,  t a x i  tests w i l l  be performed t o  demonstrate ground handling c h a r a c t e r i s t i c s ,  

braking,  and s t e e r i n g  systems. 

Deferred Acceptance Tes t ing  - A s  previously descr ibed in, Paragraph 5, c e r t a i n  

subsystem, notably t h e  propuls ion subsystems, r e q u i r e  t e s t i n g  subsequent t o  t h e  

i n i t i a l  ho r i zon ta l  takeoff  of each boos ter  t o  proper ly  a s c e r t a i n  a c c e p t a b i l i t y .  

For these  cases, subsystem acceptance t e s t i n g  may be  in t eg ra t ed  wi th  t h e  h o r i z o n t a l  

and v e r t i c a l  f l i g h t  test programs. 

form a p a r t  of t h e  v e r t i c a l  f l i g h t  tes t  program of Space S h u t t l e  S/N 1 and S/N 2 

a l s o  provide t h e  t e s t i n g  information f o r  acceptance.  F l igh t  Readiness F i r i n g s  of 

t h e  non-ver t ica l  f l i g h t  test v e h i c l e  (booster S/N 1) w i l l  be performed s o l e l y  f o r  

t h e  purpose of v e h i c l e  acceptance.  

For example, t h e  F l i g h t  Readiness F i r i n g s  t h a t  

B7.3-7 
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7.4 Horizontal  F l i g h t  T e s t  

7.4.1 F l i g h t  Development and V e r i f i c a t i o n  T e s t  Requirements - This  s e c t i o n  

sets f o r t h  t h e  requirements app l i cab le  t o  boos te r  h o r i z o n t a l  takeoff  (HTO) f l i g h t  

tests. Orb i t e r  h o r i z o n t a l  takeoff  f l i g h t  test requirements are presented i n  

Sect ion C ,  Paragraph 7 .4 .1  and vertical  takeoff  test requirements are presented 

i n  Sect ion A,  Paragraph 7.5. 

7 .4 .1 .1  Purpose and I n t e n t  - F l i g h t  t e s t i n g  of t h e  boos te r  i n  t h e  h o r i z o n t a l  

takeoff  f l i g h t  regime s h a l l  b e  employed t o  t h e  ex ten t  necessary t o  v e r i f y  ope ra t iona l  

c a p a b i l i t y ,  and where v e r i f i c a t i o n  cannot b e  obtained more economically from ground 

tests o r  v e r t i c a l  takeoff  tests. 

7.4.1.2 Object ives  - The p r i m e  ob jec t ive  of boos te r  ho r i zon ta l  takeoff  f l i g h t  

tests s h a l l  be t o  v e r i f y  the  cruiseback and landing phase and t h e  f e r r y  f l i g h t  phase 

of t h e  boos te r  mission. 

7.4.1.3 Requirements - The requirements app l i cab le  t o  t h e  boos te r  h o r i z o n t a l  

takeoff  (HTO) f l i g h t  tests a r e  contained i n  Figure 7.4-1. 

BOOSTER HTO FLIGHT TEST REOUIREMENTS 

TEST REQUIREMENTS JUSTIFICATION 

( I )  F l i g h t  Object ives  - The number and 
types of ob jec t ives  ass igned t o  an 
ind iv idua l  f l i g h t  s h a l l  be  chosen t o  
y i e l d  t h e  maximum amount of u s e f u l  
engineer ing d a t a  and test t i m e  con- 
s i s t e n t  wi th  s a f e  f l i g h t  and e f f i c i e n t  
conduct. 
a number of i nd iv idua l  tests on 
d i f f e r e n t  subsystems. 

Cost and t i m e  cons idera t ions .  

Any s p e c i f i c  f l i g h t  may embody 

(11) Location of Tests - Booster h o r i z o n t a l  
takeoff f l i g h t  tests s h a l l  be  conducted 
a t  t h e  f i n a l  assembly o r  ope ra t iona l  
s i t e  and a t  Edwards A i r  Force Base, 
Ca l i fo rn ia .  

I n i t i a l  tests must be con- 
ducted a t  f i n a l  assembly s i te  
f o r  c o s t  cons idera t ions .  
EAFB is  requi red  f o r  envelope 
expansion, a i r s t a r t i n g ,  h igh  
angle  of a t t a c k  tests and 
o t h e r  tests of a high r i s k  

FIGURE 7.4-1 

87.4- 1 



MDC €0308 
30 l u n e  1971 

Space Shuttle Program - Phase B Final Report 
PROGRAM A C Q U I S I ~ I ~ N  PLANS 

BOOSTER HTO FLIGHT TEST REQUIREMENTS (CONTINUED) 

TEST REQUIREMENTS 

(111) F l i g h t  T e s t  Data Acqu i s i t i on  System - 

(1) A minimum scar f l i g h t  test d a t a  acqui- 
s i t i o n  system comprising onboard record- 
i ng  and te lemetry c a p a b i l i t i e s  s h a l l  be  
i n s t a l l e d  i n  each test v e h i c l e .  These 
systems w i l l  complement and i n t e r f a c e  
with t h e  production av ion ic s  d a t a  
systems. The d a t a  a c q u i s i t i o n  system 
f o r  t h e  boos te r s  s h a l l  b e  i n s t a l l e d  
by t h e  boos te r  c o n t r a c t o r  p r i o r  t o  
i n i t i a l  f l i g h t s .  

(2) Data processing and a n a l y s i s  proce- 
dures  s h a l l  provide real t i m e  d i s p l a y  
and monitoring f o r  mission c o n t r o l  
and s a f e t y ,  prel iminary d a t a  
f o r  d e c i s i o n  making, and f i n a l  d a t a  
r e p o r t s .  

(IV) T e s t  Vehicles - F l i g h t  development and 
v e r i f i c a t i o n  t e s t i n g  i n  t h e  h o r i z o n t a l  
takeoff  regime s h a l l  b e  constrained t o  t h e  
f i r s t  t h r e e  b o o s t e r s  cons t ruc t ed .  Modifi- 
c a t i o n s  t o  test v e h i c l e s  t o  perform devel- 
opment and v e r i f i c a t i o n  f l i g h t s  s h a l l  b e  
s o  designed, f a b r i c a t e d ,  and i n s t a l l e d  
t h a t  ready conversion and refurbishment 
can be  made t o  t h e  o p e r a t i o n a l  configura- 
t i o n  fol lowing f l i g h t  tests. S p e c i f i c  
modif icat ions t o  t h e  test  v e h i c l e s  f o r  
HTO f l i g h t  tests w i l l  be  designed, 
f a b r i c a t e d ,  and i n s t a l l e d  by t h e  boos te r  
con t r ac to r .  These s h a l l  c o n s i s t  of t h e  
following : 

(1) C r e w  Escape System - A c r e w  escape 
system s u i t a b l e  f o r  emergency 
eg res s  from t h e  v e h i c l e  i n  t h e  
subsonic ,  l o w  a l t i t u d e  f l i g h t  
regime s h a l l  b e  provided i n  each 
of t h e  boos te r  test v e h i c l e s  

JUSTIFICATION 

PART 111-5 
TEST 

n a t u r e  where a l a r g e  landing 
area such as t h e  d ry  l a k e  bed 
can b e  used f o r  emergency 
landings.  

The development and v e r i f i c a -  
t i o n  f l i g h t  test program w i l l  
r e q u i r e  a d a t a  a c q u i s i t i o n  
c a p a b i l i t y  i n  excess of t h a t  
r equ i r ed  f o r  ope ra t iona l  
Space S h u t t l e .  

Data processing and a n a l y s i s  
must be  conducted i n  a t imely 
and economical manner t o  
s a t i s f y  program ob jec t ives .  

Cost cons ide ra t ions .  

Th i s  i s  a crew s a f e t y  
cons ide ra t ion .  

FIGURE 7.4-1 (Cont.) 
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BOOSTER HTO FLIGHT TEST REQUIREMENTS (CONTINUED) 

TEST REQUIREMENTS JUSTIFICATION 

p r i o r  t o  i n i t i a l  f l i g h t s  by t h e  
boos te r  con t r ac to r .  

(2) Ant isp in  Device - U n t i l  t he  t r a n s i -  
t i o n  handl ing c h a r a c t e r i s t i c s  of t h e  
boos te r  have been determined, no 
f l i g h t s  i n  t h e  t r a n s i t i o n  regime 
s h a l l  be  made without  an approved 
a n t i s p i n  device i n s t a l l e d  ready f o r  
use.  The a n t i s p i n  device s h a l l  be  
designed t o  fit wi th in  t h e  normal 
contour of t h e  v e h i c l e  and s o  t h a t  
t h e  p o s s i b i l i t y  of f o u l i n g  con- 
t r o l s  before  o r  a f t e r  opera t ion  
is  reduced t o  a minimum. The 
func t iona l  opera t ion  of t h e  device  
w i l l  be  demonstrated p r i o r  t o  com- 
mencing v e r t i c a l  t e s t i n g .  

(V) *ecific Requirements (booster  HTO t e s t s )  - 
(a) P r e r e q u i s i t e s  - 

(1) Ground v e r i f i c a t i o n  and c e r t i f i -  
c a t i o n  of f l i gh twor th iness  re- 
quirements s t i p u l a t e d  i n  Paras. 
(TBD) s h a l l  b e  f u l f i l l e d  as pre- 
r e q u i s i t e s  t o  HTO tests. 

(2) Ground v e r i f i c a t i o n  of equipment 
i n  C r i t i c a l i t y  Category 1 used 
i n  h o r i z o n t a l  f l i g h t  i s  requi red  
p r i o r  t o  HTO tests. 

(b) Minimum Requirements - P r e f e r r y  
Shakedown - 
(1) Subject  v e h i c l e  and subsystems 

t o  a minimum of t h r e e  hours 
f l i g h t  t i m e .  

(2) Evaluate  f l y i n g  q u a l i t i e s  and 
performance of boos te r  under 
l imi t ed  f l i g h t  condi t ions  f o r  

This is  a veh ic l e  s a f e t y  
cons idera t ion .  

This  is  a v e h i c l e  s a f e t y  
considera  t i on .  

This is a s a f e t y  
cons idera t ion .  

This  is  a t i m e  and c o s t  con- 
s i d e r a t i o n  and is  aimed a t  
e l imina t ing  need f o r  
maintenance and r e p a i r s  a t  
o f f - s i t e  l oca t ions  during 
f e r r y .  

FIGURE 7.4-1 (Cont.) 

B7.4-3 



MDC E0308 
30 June 1971 

BOOSTER HTO FLIGHT TEST REQUIREMENTS (CONTINUED) 

TEST REQUIREMENTS JUSTIFICATION 

f e r r y  under VFR/escort 
cond i t ions  

(e) HTO T e s t  Requirements Which Must B e  
Completed P r i o r  t o  VTO Tests - 

(5) 
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Demonstrate s a f e  and accep tab le  These minimum requirements are 
f l y i n g  q u a l i t i e s  throughout t h e  def ined t o  provide a level-of- 
nominal a l t i tude-speed envelope confidence f o r  i n i t i a l  VTO 
required t o  r e t u r n  t o  t h e  launch f l i g h t  recovery ope ra t ions  
s i te  from t r a n s i t i o n .  under i d e a l  r e t u r n  condi t ions.  

Demonstrate s t r u c t u r a l  i n t e g r i t y  
of t h e  v e h i c l e  i n  t h i s  regime i n  
t h e  cruiseback and landing 
conf igu ra t ion .  

Demonstrate s a t i s f a c t o r y  a i r -  
b rea th ing  propuls ion system 
ope ra t ion  i n  t h i s  regime, in-  
c lud ing  engine a i r s t a r t i n g .  

Assess t h e  booster  v e h i c l e ' s  
a i r b r e a t h i n g  c r u i s e  performance 
s u f f i c i e n t l y  t o  v e r i f y  des ign  
mission p r o f i l e s  f o r  c ru i se -  
back and landing. 

Assess t h e  boos te r  v e h i c l e ' s  
landing approach and landing 
performance and c h a r a c t e r i s t i c s  
t o  v e r i f y  and r e f i n e  o p e r a t i o n a l  
procedures and techniques.  

Demonstrate s a t i s f a c t o r y  opera- 
t i o n  of communications and 
nav iga t ion  subsystems i n  t h e  
cruiseback and landing f l i g h t  
regime. 

Demonstrate s a t i s f a c t o r y  ope ra t ion  
of any o t h e r  subsystem requ i r ed  
f o r  ope ra t ion  i n  t h e  cruiseback 
and l and ing  f l i g h t  regime. 

FIGURE 7.4-1 (Cont.) 
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BOOSTER HTO FLIGHT TEST REQUIREMENTS (CONTINUED) 

TEST REQUIREMENTS JUSTIFICATION 

(8) Funct iona l ly  eva lua te  any sub- 
system t o  be  used i n  t h e  ascent  
en t ry  and t r a n s i t i o n  phases which 
can be  u s e f u l l y  and p r a c t i c a l l y  
evaluated i n  t h e  subsonic f l i g h t  
regime. 

Minimum Requirements P r i o r  t o  
Operat ional  Capabi l i ty  - 

Demonstrate s a f e  and acceptab le  
f l y i n g  q u a l i t i e s  throughout t he  
requi red  opera t ing  envelope f o r  
t h e  f e r r y  conf igura t ion .  

Demonstrate s t r u c t u r a l  i n t e g r i t y  
of t h e  v e h i c l e  i n  t h i s  regime and 
conf igura t ion .  

Ver i fy  a i r b r e a t h i n g  propuls ion 
opera t ion  throughout t he  required 
f e r r y  opera t ing  envelope. 

Ver i fy  f l i g h t  p r o f i l e s  f o r  f e r r y .  

Ver i fy  acceptab le  takeoff and 
landing performance. 

Ver i fy  s a t i s f a c t o r y  opera t ion  of 
communications and naviga t ion  
subsystems i n  t h e  f e r r y  configu- 
r a t i o n .  

Ver i fy  s a t i s f a c t o r y  opera t ion  of 
a l l  o the r  subsystems u t i l i z e d  i n  
f e r r y  f l i g h t  mode. 

Most economical method of 
proving system. 

F l i g h t  Development and V e r i f i c a t i o n  Approaches (Booster) 

7.4.2.1 General - Space S h u t t l e  f l i g h t  t e s t i n g  is planned t o  be  accomplished 

i n  t h r e e  t ime-related p a r t s ,  as descr ibed i n  Sect ion A, Paragraph 7.5. 

p re sen t s  those  f l i g h t  tests involving t h e  boos te r  as a s i n g l e  element, which are 

This  s e c t i o n  

FIGURE 7.4-1 (Cont,) 
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termed Booster Hor i zon ta l  Takeoff (HTO) f l i g h t  tests. These approaches are 

designed t o  meet t h e  requirements l i s t e d  i n  F igu re  7.4-1. 

Booster f l i g h t  t e s t i n g  i n  t h e  prelaunch, launch, a s c e n t ,  e n t r y  and t r a n s i t i o n  

phases w i l l  b e  a p a r t  of mated and vertical  f l i g h t  v e h i c l e  and i s  found i n  

Sec t ion  A, Paragraph 7.5, Vertical Takeoff (VTO) f l i g h t  tests. 

The h o r i z o n t a l  t a k e o f f ,  a i r p l a n e  f l i g h t  mode w i l l  b e  u t i l i z e d  t o  eva lua te  and 

v e r i f y  boos te r  performance f o r  t h e  cruiseback,  landing,  and f e r r y  mission phases. 

This mode of t e s t i n g  i n  t h e s e  f l i g h t  regimes is more economical f o r - t h e  v e r i f i c a t i o n  

of a p p l i c a b l e  subsystems and boos te r  performance, and removes most of t h e  unknown 

f a c t o r s  from t h e  p o s t t r a n s i t i o n  f l i g h t  regimes p r i o r  t o  ver t ica l  f l i g h t .  

mated h o r i z o n t a l  boos t e r  f l i g h t  test program w i l l  comprise 438 f l i g h t  hours,  

u t i l i z i n g  t h r e e  b o o s t e r s  over a t o t a l  per iod of 34 v e h i c l e  months. 

conducted a t  Kennedy Space Center (KSC), F l o r i d a ,  and Edwards A i r  Force Base (EAFB), 

C a l i f o r n i a .  

The esti- 

Test ing w i l l  b e  

Development and v e r i f i c a t i o n  t e s t i n g  w i l l  b e  i n t e g r a t e d  i n  t h e  o v e r a l l  f l i g h t  

The f l i g h t  v e r i f i c a t i o n  of s p e c i f i c a t i o n  test requirements w i l l  b e  test approach. 

documented as i t  is a t t a i n e d .  The r e p e t i t i o n  of v e r i f i c a t i o n  f l i g h t  cond i t ions  f o r  

demonstration/verification purposes w i l l  n o t  b e  required.  

The primary o b j e c t i v e  of t h e  boos te r  h o r i z o n t a l  f l i g h t  test program is  t o  

v e r i f y  v e h i c l e  c h a r a c t e r i s t i c s  and subsystem ope ra t ion  i n  t h e  c r u i s e  back and 

landing and t h e  f e r r y  f l i g h t  mission phases. 

u t i l i z e d  i n  o t h e r  mission phases such as a s c e n t ,  e n t r y ,  e tc . ,  w i l l  a l s o  b e  conducted 

where f e a s i b l e  and r equ i r ed  o r  economically j u s t i f i e d .  

Funct ional  eva lua t ion  of subsystems 

Th i s  o b j e c t i v e  subdivided i n t o  i ts  component c h a r a c t e r i s t i c s  and subsystem 

o b j e c t i v e s ,  can b e  t i m e  phased t o  program milestones as fol lows:  

o 

o 

Tes t ing  p r i o r  t o  f e r r y i n g  t h e  v e h i c l e  t o  t h e  prime h o r i z o n t a l  test s i te  

Tes t ing  p r i o r  t o  t h e  f i r s t  manned o r b i t a l  mission 
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o Tes t ing  p r i o r  t o  Operat ional  Capab i l i t y  (OC) 

The boos te r  h o r i z o n t a l  f l i g h t  test  program has  been s t r u c t u r e d  t o  accomplish t h e  

t e s t i n g  r equ i r ed  p r i o r  t o  each of t h e s e  milestones.  Development and v e r i f i c a t i o n  

f l i g h t  test a s p e c t s  of t h e  boos te r  subsystems are presented i n  t h e  r e s p e c t i v e  sub- 

system test  d e s c r i p t i o n s  i n  Sect ion B, Paragraph 4.0 and 5.0. 

1.4.2.2 Booster Configurat ion and Schedule - The booster  h o r i z o n t a l  f l i g h t  

test p l an  i s  shown i n  Figure7.4-2 (VTO tests are included f o r  c l a r i t y ) .  Three booster  

v e h i c l e s  w i l l  b e  u t i l i z e d  i n  t h e  f l i g h t  development and v e r i f i c a t i o n  test program. 

The booster  h o r i z o n t a l  f l i g h t  test program i s  concentrated p r imar i ly  on one test 

v e h i c l e  (booster  S/N 1) with a l i m i t e d  amount of procedural  and subsystem v e r i f i c a -  

t i o n  t e s t i n g  on t h e  remaining f l i g h t  test boos te r s .  

A l l  of t h e  f l i g h t  test boos te r s  w i l l  b e  r e fu rb i shed  upon completion of t h e i r  

test  requirement and r e tu rned  t o  service as o p e r a t i o n a l  v e h i c l e s .  

7.4.2.2.1 Booster S / N  1 - The f i r s t  boos t e r  t o  f l y  w i l l  b e  configured wi th  

production subsystems whenever poss ib l e .  However, certain subsystems no t  r equ i r ed  

f o r  h o r i z o n t a l  f l i g h t  tes t ,  o r  no t  a v a i l a b l e  f o r  i n s t a l l a t i o n ,  w i l l  b e  de fe r r ed  

u n t i l  t h e  mid-test  v e h i c l e  update o r  t h e  p reope ra t iona l  refurbishment per iod.  

might include such i t e m s  as t h e  a t t i t u d e  c o n t r o l  engines ,  t h e  a i r b r e a t h i n g  engines 

space modif icat ions,  and p o r t i o n s  of t h e  a v i o n i c s ,  thermal p r o t e c t i o n ,  and environ- 

mental c o n t r o l  systems. Simulators w i l l  b e  i n s t a l l e d  i n  p l a c e  of t h e  main propul- 

s i o n  system rocke t  engines.  P rov i s ions ,  such as b r a c k e t s ,  w i r e  bundles,  l i n e s  and 

p ip ing ,  etc.,  f o r  de fe r r ed  subsystems w i l l  be  i n s t a l l e d  p r i o r  t o  f i r s t  h o r i z o n t a l  

f l i g h t .  

These 

This approach s a t i s f i e s  t h e  program level 1 requirement f o r  first 

h o r i z o n t a l  f l i g h t  i n  June 1976, and al lows e a r l y  assessment of b a s i c  vehZcle air- 

frame and f l i g h t  c h a r a c t e r i s t i c s ,  wh i l e  reducing peak funding levels by d e f e r r i n g  

subsystems development. 

s e n t a t i v e  so t h a t  h o r i z o n t a l  f l i g h t  test r e s u l t s  w i l l  b e  a p p l i c a b l e  t o  t h e  

The b o o s t e r ' s  con f igu ra t ion  w i l l  be  s u f f i c i e n t l y  repre-  
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production configured v e h i c l e s .  

s o  t h a t  r equ i r ed  h o r i z o n t a l  f l i g h t  t e s t i n g ,  w i t h  product ion subsystems, may be 

A s h o r t  lay-up f o r  subsystem updating i s  scheduled 

obtained p r i o r  t o  commencing vertical  f l i g h t  t e s t i n g .  

F l i g h t  test  modif icat ions w i l l  c o n s i s t  of t h e  development f l i g h t  i n s t rumen ta t ion  

system and crew escape system. 

t i o n a l  a i r b r e a t h i n g  engines,  s o l i d  r o c k e t s ,  etc.--booster S/N 1 only)  may be  r equ i r ed  

t o  augment t h e  t h r u s t  of t h e  a i r b r e a t h i n g  engines f o r  t h e  airstart  t e s t i n g  descr ibed 

i n  Sect ion B ,  Paragraph 5.2.3. 

A s p e c i a l  f l i g h t  test v e h i c l e  modif icat ion (addi- 

The booster  h o r i z o n t a l  f l i g h t  test program w i l l  commence wi th  a prel iminary,  

shakedown f l i g h t  per iod a t  t h e  f i n a l  assembly s i te ,  Kennedy Space Center (KSC), 

F lo r ida .  The i n t e g r a t e d  v e h i c l e  ground development, v e r i f i c a t i o n ,  and acceptance 

t e s t i n g ,  etc., Sect ion B, Paragraph 7.2 and 7.3) w i l l  be  completed p r i o r  

t o  f l i g h t .  

a t  i nc reas ing  v e l o c i t i e s  t o  e v a l u a t e  ground handling c h a r a c t e r i s t i c s  - s t e e r i n g ,  

A b r i e f  series of t a x i  runs (two o r  t h r e e  test per iods)  w i l l  b e  conducted 

braking and stopping. 

ope ra t ion  w i l l  be  v e r i f i e d  a t  t h i s  t i m e  only t o  t h e  e x t e n t  necessary t o  perform 

t h e  i n i t i a l  series of test f l i g h t s .  

Landing gear  and d e c e l e r a t i o n  system 

The eva lua t ion  conducted a t  KSC w i l l  c o n s t i t u t e  t h a t  p a r t  of t h e  h o r i z o n t a l  

test  program requ i r ed  p r i o r  t o  t h e  f i r s t ,  and minor, program milestone--ferrying 

t h e  a i r p l a n e  t o  t h e  prime h o r i z o n t a l  test s i te .  Vehicle f l i g h t  handl ing q u a l i t i e s  

and performance during t a k e o f f ,  landing,  and c r u i s e  f l i g h t  w i l l  b e  evaluated and 

t h e  absence of unsafe  f l i g h t  c h a r a c t e r i s t i c s  w i l l  b e  v e r i f i e d  (approximately 9 

f l i g h t  hours r equ i r ed ) .  This eva lua t ion  s a t i s f i e s  t h e  requirement No.V(b) 1 & 2 

l i s t e d  i n  Figure 7.4-1. 

The boos te r  w i l l  then b e  f e r r i e d  t o  t h e  primary h o r i z o n t a l  f l i g h t  test s i t e  

a t  Edwards A i r  Force Base, 

cond i t ions  and t h e  a i r p l a n e  w i l l  b e  accompanied by a chase a i r c r a f t ,  f o r  f l i g h t  

The f e r r y  f l i g h t s  w i l l  b e  flown under VFR f l i g h t  

87.4-9 
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s a f e t y  cons ide ra t ion  and t h e  t r a n s p o r t  of ground support  equipment and personnel.  

M i l i t a r y  a i r f i e l d s  w i l l  b e  u t i l i z e d  f o r  i n t e rmed ia t e  s tops .  

r o u t e  wi th  5 s t o p s ,  maximum s t a g e  d i s t a n c e  of 440 n a u t i c a l  m i l e s ,  has  been postu- 

l a t e d  and i s  shown i n  Figure 7.4-3. 

experience w i l l  be  obtained on t h e s e  f e r r y  f l i g h t s .  

A prel iminary f e r r y  

Subsystem f u n c t i o n a l  o p e r a t i o n a l  d a t a  and 

The prel iminary f l i g h t  eva lua t ion  w i l l  b e  completed following a r r iva l  a t  Edwards 

AFB. 

boos te r  v e h i c l e  f o r  a per iod of approximately 27.5 months, including a b r i e f  mid- 

test  lay-up f o r  subsystem update. 

w i l l  be  conducted a t  KSC subsequent t o  t h e  r e t u r n  f e r r y  f l i g h t .  

This boos t e r  w i l l  then b e  u t i l i z e d  as t h e  primary h o r i z o n t a l  f l i g h t  test  

The f i n a l  p o r t i o n  of t h i s  h o r i z o n t a l  t e s t i n g  

7.4.2.2.2 Booster S/N 2 - This booster  fu se l age  w i l l  be  u t i l i z e d  as a c l u s t e r  

f i r e  propuls ion test  a r t ic le  f o r  about 1 2  months. This t e s t i n g  w i l l  b e  conducted 

on t h e  o p e r a t i o n a l  launch s i t e  a t  Kennedy Space Center (KSC). 

then b e  r e tu rned  t o  manufacturing f o r  refurbishment ,  completion of booster  assembly, 

and t h e  i n s t a l l a t i o n  of f l i g h t  r a t e d  main propuls ion engines.  F l i g h t  test modifi- 

c a t i o n s  t o  t h i s  v e h i c l e  w i l l  i nc lude  t h e  development f l i g h t  instrumentat ion system, 

a crew escape system, and a s p i n  recovery/pi tch augmentation device.  

r e s p e c t s ,  t h i s  boos t e r  w i l l  b e  i n  t h e  o p e r a t i o n a l  configurat ion.  

of ground checkout, ramp and acceptance t e s t i n g ,  t h i s  v e h i c l e  w i l l  become t h e  

t h i r d  boos te r  t o  f l y  i n  t h e  h o r i z o n t a l  mode i n  March 1978. 

month of h o r i z o n t a l  test f l y i n g  a t  KSC, t h i s  v e h i c l e  w i l l  be  placed on v e r t i c a l  

test  f l i g h t  s t a t u s ,  being pa i r ed  wi th  o r b i t e r  S/N 2. This booster  is  scheduled 

f o r  t h e  second development vertical  launch and w i l l  be  u t i l i z e d  i n  t h e  vertical  

test program u n t i l  J u l y  1979. 

The fuse l age  w i l l  

I n  o the r  

Upon completion 

Af te r  approximately one 

7.4.2.2.3 Booster S / N  3 - The t h i r d  boos te r  i n  t h e  manufacturing process  w i l l  

be  configured wi th  product ion,  q u a l i f i e d  subsystems, 

rocke t  engines w i l l  b e  i n s t a l l e d .  

F l i g h t  r a t e d  main propuls ion 

F l i g h t  test modif icat ions t o  t h i s  v e h i c l e  w i l l  

B7.4-10 
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i nc lude  t h e  development f l i g h t  i n s t rumen ta t ion  system, a c r e w  escape system, and a 

s p i n  r ecove ry lp i t ch  augmentation device.  Upon completion of ground checkout, ramp, 

and acceptance t e s t i n g ,  t h i s  v e h i c l e  w i l l  become t h e  second boos te r  t o  f l y  ho r i -  

z o n t a l l y .  Af t e r  4.5 months of h o r i z o n t a l  f l i g h t  t e s t i n g  a t  KSC, t h i s  v e h i c l e  w i l l  

b e  placed on vertical  test  f l i g h t  s t a t u s ,  being pa i r ed  w i t h  o r b i t e r  S / N  3. The 

f i r s t  program v e r t i c a l  launch (mated, manned, o r b i t a l ) ,  preceded by a per iod of 

ground checkout and t e s t i n g ,  i s  scheduled f o r  A p r i l  1978. This booster  is  

scheduled f o r  t h r e e  manned o r b i t a l  launches w i t h  i t s  u t i l i z a t i o n  i n  t h e  ver t ical  

test program completing i n  J u l y  1979. 

7.4.2.3 F l i g h t  Summary - This s e c t i o n  desc r ibes  t h e  minimum amount ahd 

c a t e g o r i e s  of h o r i z o n t a l  f l i g h t  t e s t i n g  t o  s a t i s f y  t h e  boos te r  HTO f l i g h t  test 

requirements.  The planning process  f o r  developing a f l i g h t  test  p l an  i s  summarized 

i n  Figure 7.4-4.  

The Required F l i g h t  Hours are seen t o  b e  based p r imar i ly  on t h e  test  require-  

ments and p a s t  experience.  A major func t ion  i n  determining t h e  minimum f l i g h t  

hours r equ i r ed ,  i s  t h e  f l i g h t  test approach philosophy used t o  determine program 

scope. The e f f e c t s  of a study of several a l t e r n a t e  approaches - 
(a) V e r i f i c a t i o n  wi th  Buildup and Modest Development - A program wherein 

confidence i n  t h e  v e h i c l e ' s  a b i l i t y  t o  demonstrate des ign  l i m i t  cond i t ions  

i s  high and where an incremental  approach i s  used t o  achieve c r i t i c a l  

cond i t ions .  I n  a d d i t i o n  (based on experience) a c e r t a i n  amount of t i m e  is  

a l l o c a t e d  f o r  a d j u s t i n g ,  changing ga ins ,  "tweeking", and r eeva lua t ing  

subsystems performance fol lowing changes. 

(b) V e r i f i c a t i o n  w i t h  Buildup - A program where confidence i n  t h e  v e h i c l e ' s  

a b i l i t y  t o  demonstrate design l i m i t  cond i t ions  is high and where a n  

incremental  approach i s  used t o  achieve c r i t i c a l  condi t ions.  
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(c )  V e r i f i c a t i o n  Spot Check - This  t e r m  i s  appl ied  t o  t h a t  type of program 

wherein confidence i n  the  v e h i c l e ' s  a b i l i t y  t o  demonstrate des ign  l i m i t  

condi t ions  without  any f a i l u r e s  i s  extremely high based on previous 

experience wi th  a ve ry  similar conf igura t ion .  

only a few of t h e  most c r i t i c a l  des ign  condi t ions  based on a n a l y s i s  would 

be  flown. 

V e r i f i c a t i o n  Only - is  used t o  desc r ibe  a program wherein confidence i n  

the  v e h i c l e ' s  a b i l i t y  t o  demonstrate design l i m i t  condi t ions  without  any 

f a i l u r e s  is  extremely high based on previous experience with a s imilar  

conf igu ra t ion  and where only t h e  des ign  l i m i t  condi t ions  are flown f o r  

demonstration purposes.  

In  t h i s  program approach, 

(d) 

are summarized i n  Figure 7.4-5 .  I t  is  our be l i e f  th'it philosophy (a)  - v e r i f i c a t i o n  

wi th  buildup and modest development - r ep resen t s  a r e a l i s t i c  approach t o  be used 

i n  t h e  determinat ion of t h e  scope of t h e  boos te r  ho r i zon ta l  f l i g h t  test program. 

The minimum boos ter  f l i g h t  hour requirements ,  u t i l i z i n g  t h i s  philosophy are 

t abu la t ed  i n  Figure 7.4-6.  The f l i g h t  hours have been categorized by f l i g h t  charac te r -  

i s t i c s  and subsystem ca tegor i e s .  The f l i g h t  t es t  requirements,  l i s t e d  i n  Figure 7.4-1 

are c r o s s  referenced i n  ad jacent  columns t o  t h e i r  respective minimum f l i g h t  hours. 

The p r i n c i p l e s  of concurrency of test ob jec t ives  and t h e  opt imizing of f l i g h t  

t i m e  u t i l i z a t i o n ,  as requi red  by T e s t  Requirement ( I ) ,  Figure 7 .4 -1 ,  has been 

incorpora ted ,  i .e . ,  t h e  ma jo r i ty  of ECLS and power supply t e s t i n g  w i l l  be concurrent  

wi th  o t h e r  f l i g h t  tests, some test d a t a  w i l l  be co l l ec t ed  on f e r r y  f l i g h t s ,  APU 

and thermal  p r o t e c t i o n  t e s t i n g  w i l l  be  l a r g e l y  concurren t ,  etc. The approximate 

minimum amount of t e s t i n g  requi red  t o  be completed a t  the va r ious  ho r i zon ta l  

f l i g h t  test  program mi les tones  descr ibed i n  Paragraph 7.4.2.1 i s  also given i n  

Figure 7.4-6. 

primary test s i te  (approximately n ine  f l i g h t  hours)  has been included as p a r t  

The planned h o r i z o n t a l  f l i g h t  t e s t i n g  p r i o r  t o  f e r r y  t o  the 
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ESTIMATED FLIGHT HOURS BY TEST 
CATEGORY - 

AERO 
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103 

67 

24 - 

PROPUL: STRuCTl SlON 

25 53 

25 25 

EQUIP1 
MENT 

184 

90 

32 

16 - 

JllSC 
- 

20 

20 

0 

0 
II 

ESTIMATED 
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FLIGHT 
HOURS 
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50 
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of Preliminary Evaluation F l i g h t  C h a r a c t e r i s t i c s  t e s t i n g  r equ i r ed  p r i o r  t o  f i r s t  

vertical f l i g h t .  

The est imated f l i g h t  hours r equ i r ed  f o r  t he  h o r i z o n t a l  f l i g h t  test program 

are less than those  r equ i r ed  f o r  recent l a r g e  commercial and m i l i t a r y  a i r p l a n e s ,  as . 

compared i n  Figure 7.4-7. This  r educ t ion  i s  based on t h e  following assumptions: 

o V e r i f i c a t i o n  of s p e c i f i c a t i o n  compliance w i l l  b e  based p r imar i ly  on t h e  

demonstration of s a f e  and adequate mission c a p a b i l i t i e s ,  r a t h e r  than a n  

abso lu te  numerical  compliance. F l i g h t  e f f o r t  has  n o t  been budgeted t o  

develop and demonstrate small performance o r  o t h e r  numerical 

" f ixes  " . 
compliance 

o Development and v e r i f i c a t i o n  test  f l y i n g  w i l l  b e  i n t e g r a t e d .  

be  no repeat o r  s p e c i a l  f l y i n g  f o r  customer demonstration. 

The f l i g h t  envelope w i l l  be  reduced. 

There w i l l  

o 

o Ground t e s t i n g  of subsystems and components w i l l  b e  more r igo rous  than 

i n  normal a i r p l a n e  p r a c t i c e .  

The Fly Rate estimate is  based on p a s t  experience w i t h  v a r i o u s  a i r p l a n e  types 

and a n  assessment of re la t ive des ign  complexi t ies ,  performance envelopes,  and degree 

of conf igu ra t ion  conven t iona l i t y .  F ly  rates f o r  a v a r i e t y  of recent a i r p l a n e s  during 

t h e i r  f i r s t  year  of f l i g h t  t e s t i n g  as a func t ion  of v e h i c l e  complexity assessment are 

shown i n  Figure 7.4-8. 

Based on des ign  c r u i s e  performance, a n  average f l i g h t  t i m e  of 1 1 / 2  hours has 

been pos tu l a t ed  f o r  test program planning purposes. It has  a l s o  been pos tu l a t ed  t h a t  

a n  average o v e r a l l  t e s t i n g  ra te  of n i n e  f l i g h t s  per  month should be  a t t a i n a b l e .  

estimate r e s u l t s  i n  a n  o v e r a l l  average test f l y i n g  rate f o r  planning purposes of 

Th i s  

13.5 f l i g h t  hours pe r  v e h i c l e  month. This  space s h u t t l e  f l y  rate estimate, p l o t t e d  

on Figure 7.4-8, appears  conse rva t ive ly  realist ic,  and has  been u t i l i z e d  t c  develop 

our f l i g h t  test plans.  Th i s  f l i g h t  rate cons ide r s  v e h i c l e / d a t a  system refurbishment 
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and minor mod i f i ca t ion  pe r iods  as w e l l  as a c t u a l  f l i g h t  s t a t u s  t i m e s ,  b u t  n o t  a 

major update per iod such as t h e  two month subsystem update per iod r equ i r ed  by boos te r  

SIN 1. 

The estimates of r equ i r ed  f l i g h t  hours and f l i g h t  hour rate per month e s t a b l i s h e s  

t h e  t o t a l  requirement of 32 boos te r  v e h i c l e  months of h o r i z o n t a l  f l i g h t  t e s t i n g .  

d i s t r i b u t i o n  of those f l i g h t  hours among t h e  t h r e e  test b o o s t e r s  is shown i n  Figure 

7.4-9. 

v e h i c l e ,  

presented i n  Figure 7.4-10. 

The 

The estimated f l i g h t  hours l i s t e d  by test c a t e g o r i e s  and c o l l a t e d  by test  

tes t  si te,  and hours completed p r i o r  t o  f i r s t  vertical f l i g h t ,  are 

Other major cons ide ra t ions  i n  t h e  cons t ruc t ion  of t h i s  b a s e l i n e  f l i g h t  test 

p l an  are: 

Level I Requirement schedule milestones - FIRST HORIZONTAL, FLIGHT, 
JUNE 1976 

- FIRST MANNED ORBITAL FLIGHT, 
APRIL 1978 

Booster a v a i l a b i l i t y  from manufacturing 

S u f f i c i e n t  Prelaunch checkout and t e s t i n g  t i m e  a v a i l a b l e  p r i o r  t o  f i r s t  

ver t ica l  mission. 

Completion of a t  least t h e  minimum number of f l i g h t  test hours r equ i r ed  

p r i o r  t o  f i r s t  v e r t i c a l  mission (Figure 7.4-6). 

Minimum number of f e r r y  missions.  

Smooth v e h i c l e  loading a t  t h e  test sites as much as p o s s i b l e  (one 

h o r i z o n t a l  test  f l i g h t  boos t e r  a t  a f a c i l i t y  a t  a given t i m e ,  i f  p o s s i b l e ) .  

Types of t e s t i n g  r e q u i r i n g  a s p e c i f i c  test s i te  (KSC o r  EAFB) conducted a t  

t h a t  s i te .  (See Paragraph 7.4 f o r  d i scuss ion  of test si te requirements).  

The Base l ine  booster  f l i g h t  test p l an  presented i n  Figures  7.4-9 and 7.4-10 s a t i s f i e d  

t h e s e  requirements and cons ide ra t ions .  Further  d e s c r i p t i o n s  of t h e  h o r i z o n t a l  
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BOOSTER H O ~ I Z O N T A ~  FLIGHT TEST 

TEST CATEGORY 

FLIGHT CHARACTERISTICS 
0 PRELIMINARY EVALUATION 
0 STABILITY & CONTROL 
.PERFORMANCE 
0 BUFFET & MINIMUM CONTROL 
0 AIRSPEED CALIBRATION 

AIRFRAME GROUP 
0 STRUCTURES 
0 LANDING & RECOVERY 

PROPULSION GROUP 
0 AIRBREATHING 

AVIONICS GROUP 
0 GUIDANCE & NAVIGATION 
0 COMMUNICATIONS & NAVAIDS 
0 FLIGHT CONTROL ELECTRONICS 
0 DATA MANAGEMENT - SOFTWARE (CONCURRENT) 
e AVIONICS DISPLAYS & CONTROLS 

CREW STATION GROUP 
0 ENVIRONMENTAL CONTROL (MUCH CONCURRENT) 
0 CREW SYSTEMS, DISPLAYS & CONTROLS (CONCURRENT 

POWER SUPPLY GROUP 
0 ELECTRICAL POWER (MAINLY CONCURRENT) 
0 HYDRAULIC POWER (MAINLY CONCURRENT) 

MISCELLANEOUS & FERRY 
0 FERRY KSC/FRC/KSC 
0 MfSCELLANEOUS 

SUBTOTAL 

TOTAL FLIGHT HOURS 
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BASELINE PLAN - HORIZONTAL FLIGHT HOURS 

S N l  - 
20 
56 
40 
20 
10 

25 
5 

53 

28 
69 

8 

8 

1 
1 

17 
3 

364 
- 

BOOSTER 
VEHICLE 

s/N 2 
I_ 

5 

8 

- 
13 

S/N 3 - 

5 

12 
4 
40 

- 
61 

TEST 
SITE 

KSC - 
9 

10 

12 
22 
89 

8 

8 

1 
1 

3 
163 
- 

EAFB - 
11 
56 
40 
20 
IO 

25 
5 

53 

18 
20 

- 
258 

PRIOR 

lERTlCAL 
FLIGHT 

ro FIRST 

20 
56 
40 
20 
20 

25 
5 

53 

12 
30 
53 

9 

343 

TOTAL 
FLIGHT 
HOURS 

20 
56 
40 
20 
20 

25 
5 

53 

12 
40 
109 

8 

8 

1 
1 

17 
3 

438 - 

F I G U R E  7.4-10 

B7.4-24 



MDC E0308 
Space Shuttle Program - Phase B Final Report PART 111-5 

30 June 7977 PROGRAM ACQUISITIQN PLANS TEST 

f l i g h t  t e s t i n g  i s  provided under t h e  r e s p e c t i v e  f l i g h t  c h a r a c t e r i s t i c s  and subsystem 

s e c t i o n s  (Section 4 . 0  and 5.0) of t h i s  r epor t .  
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7.4.2.4 F l i g h t  Test Support 

T e s t  S i t e s  and F a c i l i t i e s  - Booster h o r i z o n t a l  t akeof f ,  a i r p l a n e  mode, f l i g h t  

tests w i l l  be conducted a t  t h e  f i n a l  assembly/operat ional  s i te,  Kennedy Space Center,  

F lo r ida ,  and a t  Edwards A i r  Force Base, Ca l i fo rn ia .  I n  t h e  s e l e c t i o n  of l o c a t i o n s  

f o r  performing h o r i z o n t a l  f l i g h t  tests, t h e  following f a c t o r s  w e r e  considered: 

o T e s t  and Support F a c i l i t i e s  

o Experimental T e s t  Flying Weather 

o Normal and Emergency Landing F a c i l i t i e s  

0 c o s t  

Since our base l ine  Manufacturing p lan  c a l l s  f o r  f,-ial assembly of t h e  veh-zle a t  

KSC (which is  t h e  base l ine  opera t ion  s i t e  s e l e c t e d  i n  our Operations Plan) i t  w a s  

obvious t h a t  our  i n i t i a l  f l i g h t s  would be most p r a c t i c a l l y  performed from t h a t  s i te.  

From our  p a s t  experience i n  a i r p l a n e  development, however, w e  were aware of and had 

u t i l i z e d  i n  t h e  p a s t ,  s e v e r a l  o the r  f a c i l i t i e s  i n  t h e  United S t a t e s  which were 

s p e c i f i c a l l y  devoted to a i r c r a f t  t e s t i n g  and which seemed t o  o f f e r  some advantages 

t o  t h e  Space S h u t t l e  program f o r  subsequent f l i g h t s .  S p e c i f i c a l l y  these  sites were: 

Holloman AFB, New Mexico 

Naval A i r  T e s t  Center ,  Patuxent River, Maryland 

Egl in  Am, F lo r ida  

Edwards AFB, Ca l i fo rn ia  

O f  t hese  sites, w e  e l imina ted  from cons ide ra t ion  f i r s t  NATC Patuxent River, Maryland 

because of a i r  t r a f f i c  and populat ion ( i n  t h e  v i c i n i t y )  reasons.  Holloman AFB 

and Edwards AFB o f f e red  some similar advantages but  Edwards w a s  s e l e c t e d  as t h e  

b e s t  of t hese  two pr imar i ly  because t h e  f i e l d  e l eva t ion  a t  Holloman (Approx. 4000' 

as compared t o  2385 f o r  Edwards) was  f e l t  t o  be s u f f i c i e n t l y  high s o  as t o  i n h i b i t  

t h e  amount of h o r i z o n t a l  t e s t i n g  t h a t  could be  done a t  t h i s  l oca t ion .  

The remaining sites (Egl in  and Edwards) were compared wi th  t h e  opera t ions /  
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f i n a l  assembly s i te  as shown i n  F igures  7.4-11 through 7.4-16 

of e x i s t i n g  f a c i l i t i e s ,  weather, and s a f e t y  cons idera t ions .  
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from the s tandpoin t  

Based on t h e s e  comparisons and on our  own judgement, we a r r i v e d  a t  a d i s t r i b u -  

t i o n  of h o r i z o n t a l  tests by l o c a t i o n  as shown on Figures  7.4-17 and 7.4-18. 

L o g i s t i c  Support - Booster h o r i z o n t a l  f l i g h t  test spa res  and supply support ,  

except  f o r  s p e c i f i c  Government furn ished  equipment such as main propuls ion rocke t  

engines ,  etc., w i l l  be t h e  r e s p o n s i b i l i t y  of t he  Booster f l i g h t  test  con t r ac to r s .  

Procedures and Tra in ing  - Operat ional  support  procedures f o r  maintenance 

and the  pos t  and p r e f l i g h t  i n spec t ions  a s soc ia t ed  wi th  t h e  a i r p l a n e  f l i g h t  mode 

w i l l  be v e r i f i e d  by u t i l i z a t i o n  during t h e  f l i g h t  test program. 

ope ra t iona l  and maintenance c r e w  t r a i n i n g ,  concepts ,  and s t a f f i n g  levels w i l l  

a l s o  be v e r i f i e d  dur ing  t h e  f l i g h t  test program, i n s o f a r  as app l i cab le  i n  t h e  

h o r i z o n t a l  program. 

The adequacy of 

Data Processing and Analysis  - The d a t a  processing and a n a l y s i s  subsystems 

w i l l  provide f o r  t h e  real t i m e  d i s p l a y  and monitoring, and t h e  reduct ion  and 

p resen ta t ion  of engineer ing dec i s ion  and f i n a l  r e p o r t  d a t a .  

from sensors  on-board t h e  Space S h u t t l e ,  by te lemet ry  and from on-board t ape  

record ings  as d iscussed  i n  paragraph 7.5 e n t i t l e d  "Development F l i g h t  Instrumenta- 

Data w i l l  be obtained 

t ion ."  

p o s i t i o n  information.  

A i r  Force F l i g h t  T e s t  Center and o the r  networks w i l l  provide space 

Real t i m e  d a t a  d i s p l a y  and monitoring f o r  mission c o n t r o l  and f l i g h t  s a f e t y  

purposes dur ing  t h e  Booster h o r i z o n t a l  test  f l i g h t s  w i l l  be  similar t o  c u r r e n t  

a i r p l a n e  f l i g h t  test  p r a c t i c e s .  The primary func t ion  of t h e  monitoring i s  t h e  

v e r i f i c a t i o n  of t h e  adequacy of test cond i t ions  and an  o v e r a l l  v e h i c l e  s a f e t y  

monitoring. 

f l i g h t  procedures,  and e x i s t i n g  government o r  c o n t r a c t o r  f a c i l i t i e s  a t  o r  near  

Edwards A i r  Force Base, s u i t a b l y  modified,  w i l l  be  u t i l i z e d .  

The level of e f f o r t  w i l l  be  s m a l l ,  compared t o  manned o rb i t a l .  space 
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7.5 Development F l i g h t  Instrumentat ion 

7.5.1 General DFI Requirements - The Development F l i g h t  Instrumentat ion System 

must provide t h e  following: 

Requirements J u s t  i f  icat ion  

1. A completely removable system leav- 
ing minimum scar weight i n  t h e  ope ra t iona l  f l i g h t s .  
vehic le .  

To a l low minimum payload penal ty  f o r  

2. Data f o r  p o s t . f l i g h t  a n a l y s i s  f o r  To a s su re  proper veh ic l e  opera t ion  and 
e s t a b l i s h  func t iona l  margins. performance v e r i f i c a t i o n  of v e h i c l e  

subsystems and s t r u c t u r e s .  

3. Telemetry s i g n a l s  t o  ground da ta  
d i sp l ays  f o r  mission c o n t r o l  and 
ana lys i s .  

To a l low real-time dec i s ion  making and 
advisory by subsystem d i s c i p l i n e s .  

4. Data from t h e  O r b i t e r  covering pe r i -  
ods of no ground contac t .  

To a l low a n a l y s i s  should a malfunction 
o r  s i g n i f i c a n t  a c t i v i t y  t ake  p lace .  

5. A system compatible w i t h  e x i s t i n g  
rece iv ing  and processing equipment. 

To minimize the  new equipment t h a t  must 
be purchased and maintained. 

6. A f l e x i b l e  system - e a s i l y  changed 
and adapted t o  program requirements.  requirements o r  changes i n  ob jec t ives .  

To minimize program de lays  due t o  new 

A summary of t h e  parameters t o  be monitored by t h e  DFI i s  given i n  F igure  7.5-1. 

7.5.2 Approach and Rat iona le  - A sepa ra t e  overlay DFI system is provided as 

shown i n  t h e  block diagram, Figure 7.5-2. The systems c o n s i s t  o f :  

2 UHF telemetry t r a n s m i t t e r s  

2 DFI d a t a  bus systems 

An FM-FM cons tan t  bandwidth high frequency d a t a  system 

1 t o  4 FM t ape  recorders  

2 D i g i t a l  magnetic tape  recorders  wi th  high speed playback c a p a b i l i t y  

The DFI systems f o r  t h e  Booster and Orb i t e r  v e h i c l e s  are e s s e n t i a l l y  i d e n t i c a l  

and c o n s i s t  of two d i s t i n c t  subsystems: a d i g i t a l  d a t a  bus system f o r  t h e  quasi-  

s ta t ic  d a t a  and a n  FM-FM system f o r  t h e  high frequency response o r  dynamic da ta .  

Most d a t a  w i l l  be recorded on-board; i n  add i t ion ,  however, RF te lemetry will provide 

real-time d i s p l a y  of information needed f o r  mission c o n t r o l  and s t a t u s  monitoring. 

B7.5-1 
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The Digital system consists of two data busses, using separate but identical 

computers and digital interface units (DIU'S) as the operational data bus system. 

Both data busses are transmitted on each RF link and stored on each of 2 magnetic 

tape recorders. 

hardware was selected as a compromise of the factors involved. The operational data 

management system has more than sufficient spare and growth capacity to absorb the 

digital data requirements for the development flights. 

measurements would be added to two of the four operational data busses and those 

would be transmitted and recorded completely, at the 1 Megabit rate. 

The separate DFI data bus approach using operational data bus 

With this approach, DFI 

Since this approach would require no additional hardware development and 

qualification and no additional data bus installation designs, it appears very 

attractive from a hardware cost viewpoint. Only one specification need be written 

and administered, test procedures and equipment become identical, and checkout and 

maintenance of only one system is required. 

Combining the DFI and operational digital data functions in this manner does 

present some possible problems, primarily from an operational viewpoint. One 

major consideration is the impact the DFI would have on the operational software 

package. An informal study by the software group indicates that this impact is 

minor with the modular software approach and that the additional DFI software would 

not jeopardize the operational software: however, the level and complexity of re- 

verification that may be required is the area that could create an intolerable 

situation causing significant delays in the test program. 

It is generally agreed that a reasonable amount of flexibility is desired, 

in fact required, for an efficient and timely development flight program. The 

possibility that lengthy re-verification of the complete software package might be 

required due to simple DFI changes in measurements has led to our recommendation 

of the separate DFI data bus approach. 

07.5-4 
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By u t i l i z i n g  t h e  same hardware designs,  most of t h e  advantages of t h e  inte- 

The commonality of hardware al lows a b e t t e r  g ra t ed  d a t a  bus are s t i l l  re ta ined .  

spa res  r a t i o  and even al lows f u t u r e  use of t h i s  equipment i n  t h e  ope ra t iona l  phase 

of t he  program with minor refurbishment.  Much of t h e  sof tware could a l s o  be  

u t i l i z e d  f o r  DFI o r ,  more l i k e l y ,  a more e f f i c i e n t  d a t a  bus w i l l  be provided through 

use of a dedicated sof tware package. Things such as d a t a  compression, v a r i a b l e  

programs, inc luding  b i t  rates, sample rates, scale f a c t o r s ,  etc., may be incorpo- 

r a t e d .  The DFI d a t a  bus can ope ra t e  a t  a lower b i t  rate than t h e  ope ra t iqna l  bus 

and t h e  computer can s e l e c t  and format d a t a  f o r  t h e  t ape  recorders  and te lemetry 

t r a n s m i t t e r s  t o  reduce b i t  packing d e n s i t i e s  and, i n  genera l ,  ease t h e  d i g i t a l  

recording t a s k  and t o  conserve bandwidth and poss ib ly  reduce t h e  number of RF 

l i n k s  required.  

I f ,  somehow, t h e  sof tware v e r i f i c a t i o n  problem should disappear  as t h e  program 

progresses ,  and i t  becomes d e s i r a b l e  t o  u t i l i z e  t h e  ope ra t iona l  d a t a  buses ,  i t  

would be a r e l a t i v e l y  simple t a sk ,  from a hardware viewpoint,  t o  accomplish t h e  

change. The sof tware impact  would have t o  be evaluated.  

The FM-FM subsystem u t i l i z e s  Constant Bandwidth Voltage Control led O s c i l l a t o r s  

(CBW VCO's) wi th  mixer-amplifiers and t r a n s l a t o r s  providing composite s i g n a l s  f o r  

recording on magnetic t ape  machines. Selected s i g n a l s  w i l l  be t ransmi t ted  on RF 

telemetry f o r  real-time d i sp lay  of c r i t i ca l  parameters. This  system is  t h e  same 

b a s i c  design as t h e  FM-FM system designed f o r  development f l i g h t  t e s t i n g  of cu r ren t  

f i g h t e r  a i r c r a f t .  

7.5.2.1 Equipment Def in i t i on  

7.5.2.1.1 D i g i t a l  Data Bus - 
v i a  a computer con t ro l l ed  d a t a  bus 

The q u a s i - s t a t i c  information w i l l  be acquired 

on each s i d e  of t h e  veh ic l e .  The computer f o r  

each bus w i l l  address  the  D I U ' S  (D ig i t a l  I n t e r f a c e  Units)  on t h e  bus and chereby 

sample t h e  d a t a  present  i n  each D I U  and forward t h i s  d a t a  wi th  " t i m e "  and 

B7.5-5 
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synchronizat ion s o  t h a t  t h e  ou tpu t  t o  t h e  t a p e  recorder  and t r a n s m i t t e r s  w i l l  be a 

PCM b i t  stream compatible w i t h  MSFN ground r ece iv ing  s t a t i o n s  and o t h e r  e x i s t i n g  

d a t a  processing and d i s p l a y  f a c i l i t i e s  a t  KSC, MSC and FRC. 

The a c t u a l  hardware w i l l  be t h e  same des ign  as t h e  o p e r a t i o n a l  d a t a  bus hard- 

w a r e  i nc lud ing  t h e  i n t e r f a c e  c i r c u i t r y ,  s i g n a l  condi t ioning and, t o  some e x t e n t ,  

t h e  computer and software.  A computer w i th  less c a p a b i l i t y  could perform t h e  DFI 

func t ions ;  however, t h e s e  u n i t s  can be  r e fu rb i shed  a f t e r  t h e  development f l i g h t s ,  

as necessary,  and used as o p e r a t i o n a l  u n i t s  making it  less c o s t l y  o v e r a l l .  

Some of t h e  DFI d a t a  bus c h a r a c t e r i s t i c s  are: 

B i t  R a t e  - 204.8 ICBPS 

Encoding Resolut ion - 8 B i t s  

Sample Rates - Variable  - computer con t ro l l ed  

Format - I R I G  compatible 

The mult iplexing and encoding i s  accomplished i n  t h e  D I U ' S  as is any r equ i r ed  

Each D I U  has its own power r e g u l a t i o n  c i r c u i t  which provides s i g n a l  condi t ioning.  

l o g i c  power and r e f e r e n c e  v o l t a g e  f o r  t h e  senso r s  and r e l a t e d  c i r c u i t r y .  

7.5.2.1.2 D i g i t a l  Tape Recorders - The DFI recording requirements are very 

c l o s e  t o  t h e  o p e r a t i o n a l  maintenance recording requirements and every e f f o r t  w i l l  

be made t o  u t i l i z e  one b a s i c  des ign  f o r  both machines. Present  i n d i c a t i o n s  are 

t h a t  t h i s  can be  accomplished w i t h  only a l a r g e r  reel f o r  longer  record t i m e  and a 

high speed playback c a p a b i l i t y  of approximately 5 t o  1 r a t i o  t o  a l low "dumping" of 

d a t a  from t h e  Booster a f t e r  t h e  missions f o r  d a t a  a n a l y s i s .  

The r eco rde r  concept is  f o r  a "sealed" type device w i t h  d a t a  played back and 

recorded on a ground machine, as opposed t o  a u n i t  wherein t h e  reels are removable. 

I n  gene ra l ,  t h i s  provides  a more r e l i a b l e  device and e l i m i n a t e s  t h i s  source of 

contamination. 

B7.5-6 
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7.5.2.1.3 FM Tape Recorders - These machines are relatively standard instru- 
mentation tape recorders which have been and are now in use for gathering dynamic 

data on test programs including the F-4 and DC-10 and many others. 

general characteristics are: 

Some of the 

Number of tracks - 14 
Tape width - 1 inch 
Reel size - 10.5 inch 
Tape speed - 7.5, 15, 30, 60 inches per sec. 
Direct record response - Up to 250 KHz 
Wide band TM response - Up to 20 KHz 

The tape reel is removable on these machines and will be placed on ground 

machines for playback and processing. The tape could be changed during the mission 

if necessary; however, it is anticipated that sufficient record time will be avail- 

able for monitoring the high activity periods such as launch, reentry, etc., so 

that changing tape in flight should not be required. 

7.5.2.1.4 Frequency Division Multiplexing (FDM) System - The FDM portion of 
A the DFI provides the system for monitoring the medium and high frequency data. 

flow diagram is shown in Figure 7.5-3. Most of this data is recorded on 14 track, 

intermediate band, magnetic tape recorders. 

operate at 7.5, 15, 30 and 60 inches per second. This provides a Direct Record 

response of 30,  60, 125, and 250 KHz and a wide band FM response 2.5, 5.0, 10, and 

These machines use 1" wide tape and 

20 KHz, respectively. 

The FDM system incorporates multiple-channel VCO chassis located at various 

Each chassis contains up to six measurand pickup points throughout the vehicle. 

"A" channel (2 KHz) or four "C" channel (8  KHz), IRIG standard CBW NBFM KO's. The 

outputs of all VCO's in a chassis are mixed to form a single composite, which is 

transmitted on a single line to the main instrumentation package. Within this 

07.5-7 
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package, the composites from the various chassis are patched to the proper fre- 

quency translators and/or mixers. Locating the VCO chsssis remote from the main 

instrumentation package reduces the size of instrumentation wire bundles, signal 

pickup wiring length, thereby improving signal-to-noise ratio, and the size of 

the main instrumentation package. 

Frequency Translation - Frequency translation is employed when it is necessary 
to record (or transmit) two "A" channel VCO chassis on a single tape recorder track, 

thereby providing twelve 2-KHz (nominal) data channels per track. This configura- 

tion is shown in Figure 7.5-4. 

frequency translation offers several advantages over a proportional bandwidth system. 

They are: 

The use of a constant bandwidth VCO system utilizing 

a. A reduction of VCO spares costs since only six individual VCO carrier 

frequencies are required to generate a 12-channel FDM composite. 

A reduction of tape flutter effects upon the higher carrier frequency 

VCO channels. Such reduction is derived as follows: A fixed percentage 

of tape flutter in a CBW FDM system produces increasing percentages of 

data error in the data channels employing the higher carrier frequency 

V C O ' s .  

of VCO deviation decreases as the VCO carrier frequency increases. A 

comparison of data errors in a CBW system produced by uncompensated 1% 

peak tape flutter is displayed in Figure 7.5-5. 

tion theoretically reduces all errors of 

b. 

This increasing error results from the fact that the percentage 

Tape flutter compensa- 

Figure 7.5-5 to zero, but in 

practice these errors are reduced approximately 30db, or to about 1/30 of 

the indicated percentages. This limited reduction dictates the use of 

translation in a high-accuracy CBW system employing magnetic tape recording. 

c. A reduction of VCO carrier frequency drift effects. Translated CBW sys- 

tems employ only the lower VCO carrier frequencies, whereas non-translated 

87.5-9 
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CBW systems also employ a number of VCO's operating at high carrier fre- 

quencies. 

translated and non-translated CBW system produced by 0.1% (of VCO center 

carrier frequency) VCO frequency drift. 

Figure 7.5-6 displays a comparison of data errors in both a 

In order to diminish any system errors resulting from a difference in the 

translation and detranslation frequencies and tape recorder flutter, the transla- 

tion frequency is recorded on the same tape along with the VCQ composite and used as 

the reference in detranslation. 

FDM on Magnetic Tape Recorder - Both "A" channel and "C" channel VCO's are 

employed. A summary of system capacities is presented in Figure 7.5-7. 

Although "A" channel and "C" channel VCO's utilize the same basic FDM equip- 

ment (VCO chassis, FDM patch panel, translator/mixer chassis, and reference/trans- 

lation oscillator chassis), their operational configuration in this equipment 

differs. 

a. "A" Channel CBW on Magnetic Tape - Figure 7.5-8 displays the "A" channel 

system. Included is a chart of system capacities at various standard 

tape speeds. 

"C" Channel CBW on Magnetic Tape - Figure 7.5-9 displays the "C" channel 

system. 

tape speeds. 

translation oscillator chassis are presented in Figure 7.5-10. 

b. 

Included is a chart of system capacities at various standard 

Details of  the translator/mixer chassis and reference/ 

7.5.2.1.5 Telemetry Transmitters - The RF link for the DFI telemetry will 
use the operational transmitter basic design with adjustments for modulation sen- 

sitivity as required. Two transmitters are used in each vehicle, primarily to 

transmit the two DFI data buses, both buses being transmitted on each RF link; 

however, a selecting circuit is provided should it be desired to transmit the 

B7.5-12 
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t r a f f i c  on any ope ra t iona l  d a t a  bus, playback of t h e  DFI tape  recorder ,  o r  an 

EM-FM mul t ip lex  s i g n a l .  

7.5.2.1.6 DFI Power - To provide f o r  t h e  remote p o s s i b i l i t y  t h a t  t h e  veh ic l e  

should l o s e  a l l  power, a back-up b a t t e r y  source w i l l  be implemented t o  provide 

te lemet ry  s i g n a l s  f o r  a few minutes a f t e r  l o s s  of t h e  power buses.  

charge w i l l  be maintained whenever t h e  buses are on. While i t  is  very un l ike ly  

such a ca t a s t rophe  may occur ,  t h e  p o s s i b i l i t y  of having no d a t a  with which t o  

eva lua te  such a s i t u a t i o n  is extremely depressing.  

back-up power i s  j us t i f  i ed  . 

A t r i c k l e  

It is  on t h i s  b a s i s  t h a t  t he  

87.5-18 
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7 . 6  P rede l ive ry  F l i g h t  Acceptance T e s t s  - A s  each booster  completes its 

por t ion  of t h e  h o r i z o n t a l  and/or ver t ical  f l i g h t  test program i t  is refurbished 

t o  t h e  e x t e n t  necessary t o  a t ta in  an o p e r a t i o n a l  vehicle s t a t u s .  A s  a n  i n t e g r a l  

p a r t  of t h i s  refurbishment a c t i v i t y ,  acceptance tests are performed t o  c e r t i f y  

t h e s e  v e h i c l e s  f o r  o p e r a t i o n a l  use.  

7 .6 .1  T e s t  Requirements - T e s t  requirements f o r  p rede l ive ry  f l i g h t  accept- 

ance tests are descr ibed i n  Figure 7.6-1. 

PREDELIVERY FLIGHT ACCEPTANCE TEST REQUIREMENTS 

TEST REQUIREMENTS JUSTIFICATION 

t 
P r i o r  t o  f i n a l  d e l i v e r y  of t h e  
booster  t o  t h e  NASA f o r  o p e r a t i o n a l  
u se ,  acceptance tests are required 
following pos t  f l i g h t  test 
refurbishment.  

Required t o  c e r t i f y  t h e  ope ra t iona l  
s t a t u s  of each booster .  

I I 
F I G U R E  7.6-1 

7.6.2 T e s t  Approach and Rat ionale  - Acceptance tests t o  c e r t i f y  each 

booster  f o r  o p e r a t i o n a l  u s e  w i l l  be  performed as a n  i n t e g r a l  p a r t  of t h e  pos t  

f l i g h t  test refurbishment a c t i v i t y .  The depth of t h e  t e s t i n g  r equ i r ed  i s  a 

d i r e c t  func t ion  of t h e  refurbishment a p p l i c a b l e  t o  a p a r t i c u l a r  v e h i c l e .  

Typical  refurbishment ac t iv i t i e s  w i l l  include:  

instrumentat ion and s p e c i a l  components o r  subsystems i n s t a l l e d  f o r  t h e  f l i g h t  

test  program, updating of t h e  v e h i c l e  t o  a n  o p e r a t i o n a l  conf igu ra t ion ,  arid 

in spec t ion ,  maintenance, and r e v a l i d a t i o n s .  

t h e  removal of f l i g h t  test 

Applicable p o r t i o n s  of t h e  tests and procedures as previously descr ibed i n  

87.6-1 
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Paragraph 7.3, Ground Acceptance Tests, w i l l  be performed during and a f t e r  

refurbishment.  

I n  a d d i t i o n ,  a series of acceptance test f l i g h t s  w i l l  be  flown t o  check 

h o r i z o n t a l  f l i g h t  c h a r a c t e r i s t i c s .  These f l i g h t s  w i l l  exercise t h e  booster  

i n  i t s  h o r i z o n t a l  f l i g h t  regime. The f l i g h t s  w k l l  check t h e  h o r i z o n t a l  f l i g h t  

ope ra t ion  of t h e  n a v i g a t i o n a l  system, t h e  guidance system (area navigat ion and 

automated l and ing) ,  and o t h e r  subsystems. Discrepancies noted w i l l  be  co r rec t ed ,  

r e v a l i d a t e d  by ground test and f l i g h t  t e s t e d  on another  check f l i g h t ,  i f  

necessary.  These f l i g h t  tests w i l l  be  comprehensive i n  n a t u r e  and w i l l  u t i l i z e  

information obtained from development and v e r i f i c a t i o n  f l i g h t  tests f o r  t es t  

c r i t e r i a .  

B7.6-2 


